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The  Annual  Meeting  for  the  Election  of  Fellows  was  held  this  day 
The  LORD  KELVIN,  D.C.L.,  LL.D.,  PreBident,  in  the  Chair. 

The  StAtal«s  relating  to  the  election  of  Fellows  having  been  read, 
General  Clerk  and  Mr.  Cruokea  were,  with  the  consent  of  the  Society, 
naminated  Scnitatora  to  assist  the  Secretaries  in  examining  the  lists. 

The  votes  of  the  Fellows  present  were  then  collected,  and  the  fol- 
lowing candidates  were  declared  dalj  elected  into  the  Society  : — 


Armstrong,  Robert  Yoang,  Lieat.- 

Col.  R.E. 
Beddard,  Frank  Evers,  M.A. 
Fleming,  Professor  John  Ambrose, 

D.Sc. 
Foster,    Professor    Clement    Le 

Neve,  D.So.' 
Oadow,  Hans,  M.A.,  Ph.D. 
GiSen,  Robert,  LL.D. 
Ootch,  Professor  Francis,  M.A., 

M.R.C.S. 


Herd  man.      Professor     William 

Abbott,  D.Sc. 
Hntton,  Capt.  Frederick  Wollas- 

Joly,  John,  M.A. 
Larmor,  Joseph,  D.So. 
Miall,  Professor  Lonis  C. 
Peach,  Benjamin  Neve,  F.R.S.E. 
Pedler,      Professor     Alexander, 

F.LC. 
Waller,  Angustns  D.,  M.D. 


Thanks  w 


egiv 


1  to  the  Scrutators. 


June  2.  1892. 

The  LOBD  KELVIN,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

A  List  of  the  Presents  roceived  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read ; — 


Major  L.  Darwin.     On  the  Method  of  [June  2, 


I.  "  On  the  Method  of  Examination  of  Photographic  Objectives 
at  the  Kew  Observatory."  By  Major  L.  Darwin.  Com- 
municated   by  Captain    Abney,   R,E.,   F.R.S.      Received 

April  13,  1892. 

(Abstract.) 

The  paper  describes  the  method  of  examinatioil  of  photograpbic 
objectives  which  has  been  adopted  at  the  Kew  Observatory,  chiefly 
on  the  recommendation  of  the  anihor.  In  selecting  and  devising  the 
different  tests,  Major^  Darwin  acted  in  co-operation  with  Mr.  Whipple, 
the  Superintendent  of  the  Observatory,  and  was  aided  by  consulta- 
tions with  Captain  Abney. 

The  object  of  the  examination  is  to  enable  any  one,  on  the  pay- 
ment of  a  small  fee,  to  obtain  an  authoritative  statement  or  certificate 
as  to  the  quality  of  an  objective  for  ordinary  purposes ;  the  amount 
of  time  that  can  be  devoted  to  each  experiment  is  therefore  strictly 
limited. 

An  example  is  first  given  of  a  "  Certificate  of  Examination  **  snch 
as  would  be  obtained  from  Kew,  and  then  the  different  tests  are  dis- 
cussed in  detail.  Many  of  them  are  done  bj  well-known  methods, 
which  need  not  here  be  mentioned.  For  the  greater  part  of  the  ex- 
amination, an  apparatus  called  the  "  testing  camera  **  is  employed,  and 
this  is  fully  described  in  the  paper.  The  following  are  the  different 
items  in  the  Certificate  of  Examination,  including  the  various  tests  to 
which  the  objective  is  subjected,  or  the  subjects  about  which  in- 
formation is  given : — 

(1.)  to  (4.)  Under  these  headings  are  given  a  description  of  the 
objer^tive,  the  date  of  receipt,  the  size  of  the  plate  for  which  the 
objective  is  to  be  examined,  <!bc.,  &c.  None  of  this  information  forms 
part  of  the  result  of  the  testing. 

(5.)  Number  of  Reflecting  Surfaces  of  the  Lenses, 

(6.)  Centering  in  Mount, 

(7.)   Visible  Defects,  such  as  Veins,  Feathers,  ^c, 

(8.)  Flare  Spot, 

(9.)  Effective  Aperture  of  Stops,  which  is  given  for  each  one  sup- 
plied with  the  objective.  In  recorc|ing  the  results,  it  is  proposed  that 
the  system  of  numbering  recommended  by  the  International  Photo- 
graphic Congress  of  Paris  of  1889  should  be  adopted. 

(10.)  Angle  of  Cone  of  Illumination,  8(C. — Under  this  heading 
several  useful  items  of  information  are  given,  such  as  the  extreme 
angle  of  the  field  which  is  illuminated  by  the  objective  without 
reference  to  definition ;  the  angle  of  field  which  is  required  to  cover 
the  plate  of  the  size  for  which  the  objective  is  being  examined  ;  and 
the  largest  stop  of  which  the  whole  opening  can  be  seen  from  the 
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whole  of  the  plate.  With  reference  to  this  last  item,  it  ia  showa  how 
if  ft  larger  stop  than  the  one  here  named  is  need,  the  illnmination 
will  fftll  00  very  rapidly  towards  the  edges  of  the  plate,  whereas 
there  will  be  no  improvement  in  this  respect  by  using  a  smaller  stop. 

(11.)  FriJiciptU  Focal  Length. — This  is  foand  by  revolving  the 
camera  throngh  a.  known  angle,  and  measaring  the  movement  of  the 
image  of  a  distant  object  on  the  ground  glass;  with  the  testing 
camera  it  is  bo  arranged  that  an  angnlar  movement  can  be  given  with 
great  ease  and  accuracy,  and  that  the  angle  is  snch  that  half  the  focal 
length  is  directly  read  oS  on  a  scale  on  the  groand  glass.  The 
observation  is  made,  and  the  focns  adjusted,  when  the  image  is  at  a 
point  some  14  degrees  from  the  axis  of  the  objective,  and  the  effect 
of  distortion  and  curvature  of  the  field  is  discnsBed ;  it  is  proved  that 
the  focal  length  thns  obtained,  even  though  it  may  not  be  identical 
with  the  principal  focal  length  as  measured  on  the  axis,  is  never- 
theless what  the  photographer  in  reality  wants  to  ascertain. 

(12.)  Curvature  of  the  Field. — The  amount  of  movement  of  the 
ground  glass  to  adjust  the  focus  at  diSereat  parts  of  the  field  is 
measured,  and  the  results  are  recorded  to  show  the  curvature.  A 
table  is  given  by  which  it  can  be  seen  what  is  the  largest  stop  which 
can  be  used  so  as  to  produce  negatives  up  to  a  certain  standard  of 
excellence  in  definition. 

(13.)  Dittorlion. — This  test  depends  in  principle  on  ascertaining 
the  BOgitta  or  deScctioii  in  the  image  of  a  straight  line  along  one  side 
of  the  plate.  In  the  discussion  it  is  shown  that  to  give  the  total  dis- 
tortion near  the  edge  of  the  plate  would  not  answer  practical  require- 
ments, and  that  the  proposed  method  of  examination  does  give  the 
moat  useful  information  that  can  be  supplied. 

(11.)  Sejimiion. — This  is  found  by  ascertaining  what  is  the  thinnest 
black  line  the  image  of  which  is  just  visible  when  seen  against  a 
bright  back-ground.  It  is  shown  that  this  ia  the  best  method  tfast 
could  be  devised  of  measuring  tho  defining  power  of  an  objective, 
and  that  it  is  not  open  to  serious  objections  on  theoretical  grounds. 

(15.)  Achromalism. — Under  this  heading  is  recorded  the  difference 
of  focns  between  an  object  when  seen  in  white  light  and  the  same 
when  seen  in  blue  or  red  light.  How  to  estimate  approximately  the 
diCusion  in  the  image  dae  to  any  defect  iu  achromatiam  is  discussed. 

(16.)  Aatignuitism. — This  test  is  performed  by  measuring  the  dis- 
tance between  the  focal  lines  at  the  comer  of  the  plate,  and  by  cal. 
culating  from  the  result  thns  obtained  the  approximate  diami>ter 
of  the  disc  of  diffasion  due  to  astigmatism.  The  reflection  of  a  liiiiip 
in  a  thermometer  bulb  ia  employed  to  give  a  fine  point  of  light,  and 
the  positions  ot  the  focal  lines  are  obtained  by  noticg  when  the  im^go 
of  the  object  appears  as  a  fine  line,  first  in  one  direction,  and  tliei 
in  another,  as  the  focus  is  altered. 
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(17.)  Illumination  of  the  Field. — ^The  method  of  examination,  whioh 
IB  due  to  Captain  Abnej,  is  described.  The  question  of  the  falling  off  of 
the  intensity  oi  illumination  from  the  centre  of  the  plate  is  discussed. 


II.  "  Supplementary  Report  on  Explorations  of  Erect  Trees 
containing  Animal  Remains  in  the  Coal-Formation  of  Nova 
Scotia."  By  Sir  J.  WiLLiAM  Dawson,  F.RS.  Received 
April  25,  1892. 

To  the  memoir  which  I  had  the  honour  to  present  to  the  Royal 
Society  on  this  subject  in  1882*  I  appended  a  note  from  Dr.  Scudder, 
of  Cambridge,  U.S.,  so  well  known  for  his  researches  in  fossil  Insects 
and  Arachnidans,  in  which  he  gave  a  preliminary  account  of  the 
remains  of  Arthropods  in  my  collections  which  I  had  submitted  to 
him.  He  has  only  in  the  present  year  completed  his  examination  of 
these  remains,  most  of  which  are  very  fragmentary,  and  much 
damaged  by  unequal  pressure.  The  result  has  been  embodied  in  a 
Report  on  Canadian  Fossil  Insects,  now  in  course  of  publication  by 
the  Geological  Survey  of  Canada. 

In  this  report  he  will  describe  from  the  contents  of  the  Sigillarian 
stumps  extracted  by  me,  with  the  aid  of  the  grant  of  this  Society, 
three  new  species  of  Myriapoda,  making,  with  the  five  previously 
known  from  these  remarkable  repositories,  eight  in  all,  belonging  to 
two  families,  ArchiulidsB  and  Euphoberidaa,  and  to  three  genera, 
Archiulusj  XylohiuSf  and  Amynilyspes,  The  three  new  species  are 
Archiulus  euphoherioides,  Sc,  A,  Lyelli,  Sc,  and  Amynilyspes  (sp.). 
The  remains  of  Scorpions  he  refers  to  three  species,  Maeonia  acadica^ 
Sc,  Mazonia  (sp.),  and  a  third  represented  only  by  small  fragments. 
The  characters  of  the  species  referred  to  Mazonia  he  considers  as 
tending  to  establish  the  generic  distinctness  of  Mazonia  from  Eoscor- 
pins.  Dr.  Scudder  also  notices  the  fragment  of  an  insect's  head  con- 
taining part  of  a  facetted  eye,  mentioned  in  my  memoir,  and  considers 
it  probably  a  portion  of  a  Cockroach. 

Much  credit  is  due  to  Dr.  Scudder  for  the  care  and  skill  with 
which  he  has  worked  up  the  mostly  small  and  obscure  fragments 
which  I  was  able  to  submit  to  him,  and  which  are  probably  little 
more  than  debris  of  the  food  of  the  Amphibians  living  for  a  time  in 
these  hollow  stumps,  and  devouring  such  smaller  animals  as  were  so 
unfortunate  as  to  be  imprisoned  with  them.  In  this  connexion  the 
suggestion  of  Dr.  Scudder  is  worthy  of  attention,  that  the  scaly 
armour  of  the  smaller  Microsaurians  may  have  been  intended  to 
defend  them  against  the  active  and  venomous  Scorpions  which  were 
their  contemporaries,  and  some  of  which  were  sufficiently  large  to 

*  *  PhU.  Trong.,'  1882,  p.  621. 
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be  formidable  antagoniflts  to  the  smaller  land  Vertebrates  of  the 
period. 

The  report  of  Dr.  Scadder  will  complete  the  accoant  of  the  land 
animals  of  the  erect  SigillarisB  of  the  Sonth  Joggins,  nnless  by  new 
falls  of  the  clifE  fresh  tr^es  should  be  exposed.  From  1851,  when  the 
first  remains  were  obtained  from  these  singular  repositories  by  the 
late  Sir  Charles  Lyell  and  the  writer,  up  to  the  present  time,  they 
have  afforded  the  remains  of  twelve  species  of  Amphibians,  three 
land  Snails,  eight  Millipedes,  three  Scorpions,  and  an  Insect. 

The  type  specimens  of  these  animals  have  been  placed  in  the  Peter 
Bedpath  Museum  of  McGill  University,  and  such  duplicates  as  are 
available  will  be  sent  to  the  British  Museum  and  that  of  the 
Geological  Survey  of  Canada. 


III.  '*  The  Hippocampus."  By  Alex  Hill,  M.D.,  Master  of 
Downing  College.  Communicated  by  Prof.  A.  Macalister, 
M.D.,  F.R.S.    Received  May  4,  1892. 

(Abstract.) 

The  subject  of  this  paper  is  the  hippocampal  region  of  the  brain  in 
anosmatic  animals.  Several  specimens  of  the  brain  of  the  bottle- 
nosed  whale,  narwhal,  porpoise,  and  calf -seal  were  obtained  for  the 
parpose  of  studying  the  extent  to  which  the  hippocampus  in  animals 
totally  destitute  of  the  sense  of  smell,  or  possessing  it  in  a  very  small 
degree,  departs  from  the  ordinary  type. 

The  hippocampal  region  was,  in  each  case,  cut  into  a  series  o! 

ections,  which  showed  that  there  is,  in  the  brains  of  Hyperoodotk 

and  Monodon,  no  fascia  dentata;  in  Phocmna  this  formation  is  very 

rudimentary ;  in  Phoca  it  is  rather  less  strongly  developed  than  in 

man. 

As  a  standard  of  comparison,  the  hippocampus  of  the  ox  was 
studied  in  a  similar  manner.  Certain  points  which  have  not  been 
described  hitherto  with  regard  to  the  anatomy  and  histology  of  the 
hippocampus  in  macrosmatic  brains  are  noticed.  Other  peculiarities 
in  the  general  form  and  in  minute  structure  which  distinguish 
the  brains  of  anosmatic  animals  are  also  mentioned  incidentally. 

The  discovery  that  the  fascia  dentata  is  completely  absent  in 
animals  which  possess  no  olfactory  bulb  or  tract,  and  that  it  varies 
in  development  directly  as  the  size  of  these  organs,  throws  light  upon 
the  function  of  the  hippocampal  region,  and  seems  to  call  for  a  fresh 
definition  of  its  several  parts  and  a  revision  of  the  nomenclature  of 
the  region.  The  paper  contains  an  historical  survey  of  the  ter- 
minology and  suggestions  for  its  revision. 
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IV.  **  On  a  new  Form  of  Air  Leyden,  with  Application  to  the 
Measurement  of  Small  Electrostatic  Capacities."  By  LOBD 
Kelvin,  P.R.S.    Received  May  31, 1892. 

In  the  title  of  this  paper  as  originally  offered  for  commnnication 
"  Air  Condenser  "  stood  in  place  of  "  Air  Leyden,'*  but  it  was  aocom- 
panied  by  a  request  to  the  Secretaries  to  help  me  to  a  better  designa- 
tion than  "Air  Condenser"  (with  its  ambiguous  suggestion  of  an 
apparatus  for  condensing  air),  and  I  was  happily  answered  by  Lord 
Rayleigh  with  a  proposal  to  use  the  word  **  leyden  "  to  denote  a 
generalised  Leyden  jar,  which  I  have  gladly  adopted. 

The  apparatus  to  be  described  affords,  in  conjunction  with  a  suit- 
able electrometer,  a  convenient  means  of  quickly  measuring  small 
electrostatic  capacities,  such  as  those  of  short  lengths  of  cable. 

The  instrument  is  formed  by  two  mutually  insulated  metallic 
pieces,  which  we  shall  call  A  and  B,  constituting  the  two  systems  of 
an  air  condenser,  or,  as  we  shall  now  call  it,  an  air  leyden.  The 
systems  are  composed  of  parallel  plates,  each  set  bound  together  by 
four  long  metal  bolts.  The  two  extreme  plates  of  set  A  are  circles 
of  much  thicker  i]ietal  than  the  rest,  which  are  all  squares  of  thin 
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sheet  brass.  The  set  B  are  all  squares,  the  bottom  one  of  which  is  of 
much  thicker  metal  than  the  others,  and  the  plates  of  this  system 
are  one  less  in  number  than  the  plates  of  system  A.  The  four  bolts 
binding  together  the  plates  of  each  system  pass  through  well-fitted 
holes  in  the  corners  of  the  squares ;  and  the  distance  from  plate  to 
plate  of  the  same  set  is  regalated  by  annular  distance  pieces  which 
are  carefully  made  to  fit  the  bolt,  and  are  made  exactly  the  same  in 
all  respects.  Each  system  is  bound  firmly  together  by  screwing 
home  nuts  on  the  ends  of  the  bolts,  and  thus  the  parallelism  and 
rigidity  of  the  entire  set  is  secured. 

The  two  systems  are  made  up  together,  so  that  every  plate  of  B  is 
between  two  plates  of  A,  and  every  plate  of  A,  except  the  two  end 
ones,  which  only  present  one  face  to  those  of  the  opposite  set,  is 
between  two  plates  of  B.  When  the  instrument  is  set  up  for  use, 
the  system  B  rests  by  means  of  the  well-known  "  hole,  slot,  and  plane 
arrangement,"*  engraved  on  the  under  side  of  its  bottom  plate, 
on  three  upwardly  projecting  glass  columns  which  are  attached  to 
three  metal  screws  working  through  the  sole  plate  of  system  A. 
These  screws  can  be  raised  or  lowered  at  pleasure,  and  by  means  of 
a  gauge  the  plates  of  system  B  can  be  adjusted  to  exactly  midway 
between,  and  parallel  to,  the  plates  of  system  A.  The  complete 
ley  den  stands  upon  three  vulcanite  feet  attached  to  the  lower  side  of 
the  sole  plate  of  system  A. 

In  order  that  the  instrument  may  not  be  injured  in  carriage,  an 
arrangement,  described  as  follows,  is  provided  by  which  system  B 
can  be  lifted  from  o£E  the  three  glass  colamns  and  firmly  clamped  to 
the  top  and  bottom  plates  of  system  A. 

The  bolts  fixing  the  comers  of  the  plates  of  system  B  are  made 
long  enough  to  pass  through  wide  conical  holes  cut  in  the  top  and 
bottom  plates  of  system  A,  and  the  nuts  at  the  top  end  of  the  bolts 
are  also  conical  in  form,  while  conical  nuts  are  also  fixed  to  their 
lower  ends  below  the  base  plate  of  system  A.  Thumbscrew  nuts,  /, 
are  placed  upon  the  upper  ends  of  the  bolts  after  they  pass  through 
the  holes  in  the  top  plate  of  system  A. 

When  the  instrument  is  set  up  ready  for  use  these  thumbscrews  are 
turned  up  against  fixed  stops,  g^  so  as  to  be  well  clear  of  the  top  plate 
of  system  A ;  but  when  the  instrument  is  packed  for  carriage  they  are 
screwed  down  against  the  plate  until  the  conical  nuts  mentioned 
above  are  drawn  up  into  the  conical  holes  in  the  top  and  bottom 
plates  of  system  A  ;  system  B  is  thus  raised  off  the  glass  pillars,  and 
the  two  systems  are  securely  locked  together  so  as  to  prevent  damage 
to  the  instrument. 

A  dust-tight  cylindrical  metal  case,  A,  which  can  be  easily  taken  off 
for  inspection,  covers  the  two  systems  and  fits  on  to  a  flange  on 

*  Thomson  and  Tait's  '  Natural  Philosophy,'  §  198,  exami^U  ^, 
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Bjstoia  A.  The  whole  instrument,  aa  said  above,  rents  od  three 
Talcanite  lege  attached  to  the  base  plate  of  sjatem  A  \  and  two 
terminals  are  provided,  one,  i,  on  the  base  of  system  A,  and  the 
other,  j',  on  the  end  of  one  of  the  comer  bolts  of  system  B. 

The  air  leyden  which  has  beon  thns  described  is  need  as  a  standard 
of  electrostatic  capacity.  In  ihe  instrament  actually  exhibited  to  the 
Society  there  are  tvrenty-two  plates  of  the  system  B,  twenty-three  of 
the  system  A,  and  therefore  forty-foar  octagonal  air  spaces  between 
the  two  sets  of  platen.  The  thickness  of  each  of  these  air  spaces  ie 
approximately  0'301  of  a  centimetre.  The  aide  of  each  square  is 
1013  cm.,  and  therefore  the  area  of  each  octagonal  air  space  is  t^Sl 
sq.  cm.  The  capacity  of  the  whole  leyden  is  therefore  approiimately 
44X8S1/(4tX 0-301), or  990  Cm. in  electrostatic  measure;  or  11x10"'" 
eg .6.,  electromagnetic  measure ;  or  11  x  10"*  farade.or  11  x  10"'  micro- 
farads. This  is  only  an  approximate  estimate  foanded  on  a  not 
minutely  accurate  measurement  of  dimensions,  and  not  corrected  for 
the  addition  of  capacity,  due  to  the  edges  and  projecting  angles  of 
the  squares  and  the  metal  cover.  I  hope  to  have  the  capacity  deter- 
mined with  great  acconicy  by  comparison  with  Mr.  GloEebrook's 
standards  in  Cambridge. 

To  explain  its  use  in  connexion  with  an  idioetatic  electrometer  for 
the  direct  measurement  of  the  capacity  of  any  inanlated  ccndnctor,  I 
shall  suppose,    for   example,    this    insulated    condactor  to   he    the 
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insalated  wire  of  a  sliort  lengtli  of  sabmarine  cable  core,  or  of 
telephone,  or  telegraph,  or  electric  light  cable,  sank  under  water, 
except  a  projecting  portion  to  allow  external  connexion,  to  be  made 
with  the  insalated  wire. 

The  electrometer  which  I  find  most  convenient  is  my  "  malti- 
cellalar  voltmeter,"  rendered  practically  dead-beat  by  a  disc  ander 
oil  hang  on  the  lower  end  of  the  long  stem  carrying  the  electric 
"  needles  "  (or  movable  plates).  In  the  multicellalar  voltmeter  ased 
in  the  experimental  illastration  before  the  Royal  Society,  the  index 
shows  its  readings  on  a  vertical  cylindric  surface,  which  for  electric 
light  stations  is  more  convenient  than  the  horizontal  scale  of  the 
multicellular  voltmeters  hitherto  in  use ;  but  for  the  measurement  of 
electrostatic  capacity  the  older  horizontal  scale  instrument  is  as  con- 
venient as  the  new  form. 

Fio.  3. 


To  give  a  convenient  primary  electrification  for  the  iheasurement, 
a  voltaic  battery,  VV  (fig.  3),  of  about  150  or  200  elements,  of  each 
of  which  the  liquid  is  a  drop  of  water  held  up  by  capillary  attraction 
between  a  zinc  and  copper  plate  about  1  mm.  asunder.  An  ordinary 
electric  machine,  or  even  a  stick  of  rubbed  sealing-wax  may,  how- 
ever, be  used,  but  not  with  the  same  facility  for  giving  the  amount 
of  electrification  desired  as  the  voltaic  battery. 

One  end  of  the  voltaic  battery  is  kept  joined  metallicflAV^  ^  ^^Sx^^ 
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W,  dipping  in  the  water  in  which  the  cable  is  snbmerged,  and 
with  the  case  G  of  the  mnlticellalar,  and  with  the  case  and 
plates  A  of  the  lejden,  and  with  a  fixed  stnd,  S,  forming  part  of  the 
operating  key  to  be  described  later.  The  other  end  of  the  voltaic 
battery  is  connected  to  a  flexible  insulated  wire,  FFF,  used  for 
giving  the  primary  electrification  to  the  insulated  wire  J  of  the  cable, 
and  the  insulated  cells  II  of  the  multicellular  kept  metallically 
connected  with  J.  The  insulated  plates,  B,  of  the  leyden  are 
connected  to  a  spring,  KL,  of  the  operating  key  referred  to  above, 
which,  when  left  to  itself,  presses  down  on  the  metal  stud  S,  and 
which  is  very  perfectly  insulated  when  lifted  from  contact  with  S  by 
a  finger  applied  to  the  insulating  handle  K.  A  second  well  insulated 
stud,  S',  is  kept  in  metallic  connection  with  J  and  I  (the  insulated 
wire  of  the  cable  and  the  insulated  cells  of  the  multicellular). 

To  make  a  measurement  the  flexible  wire  F  is  brought  by  hand  to 
touch  momentarily  on  a  wire  connected  with  the  stud  S',  and  imme- 
diately after  that, a  reading  of  the  electrometer  is  taken  and  watched 
for  a  minute  or  two  to  test  either  that  there  is  no  sensible  loss  by 
imperfect  insulation  of  the  cable  and  the  insulated  cells  of  the  multi- 
cellular, or  that  the  loss  is  not  sufficiently  rapid  to  vitiate  the 
measurement.  When  the  operator  is  satisfied  with  this  he  records  his 
reading  of  the  electrometer,  presses  up  the  handle  K  of  the  key,  and 
so  disconnects  the  plates  B  of  the  leyden  from  S  and  A,  and  connects 
them  with  S',  J,  I.  Fifteen  or  twenty  seconds  of  time  suffices  to  take 
the  thus  diminished  reading  of  the  multicellular,  and  the  measurement 
is  complete. 

The  capacity  of  the  cable  is  then  found  by  the  analogy : — ^As  the 
excess  of  the  first  reading  of  the  electrometer  above  the  second  is  to 
the  second,  so  is  the  capacity  of  the  leyden  to  the  capacity  of  the 
cable. 

The  preceding  statement  describes  the  arrangement  which  is  most 
convenient  when  the  capacity  of  the  cable  exceeds  the  capacity  of  the 
leyden.  The  plan  which  is  most  convenient  in  the  other  case,  that  is 
to  say,  when  the  capacity  of  the  cable  is  less  than  that  of  the  leyden, 
is  had  by  interchanging  B  and  J  thit)ughout  the  description.  In  this 
case,  a  charge  given  to  the  leyden  is  divided  between  it  and  the  cable. 
The  capacity  of  the  cable  is  then  found  by  the  analogy: — As  the 
second  reading  of  the  electrometer  is  to  the  excess  of  the  first  above 
the  second,  so  is  the  capacity  of  the  leyden  to  the  capacity  of  the 
cable. 

A  small  correction  is  readily  made  with  sufficient  accuracy,  for  the 
varying  capacity  of  the  electrometer,  according  to  the  different  posi- 
tions of  the  movable  plates,  corresponding  to  the  different  readings, 
by  aid  of  a  table  of  corrections  determined  by  special  measurementB 
for  capacity  of  the  multicellular. 
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V.  ^^  On  Certain  Ternary  Alloys.  Part  VI.  Alloys  containing 
Aluminium,  together  with  Lead  (or  Bismuth)  and  Tin  (or 
Silver)."  By  C.  R.  Alder  Wright,  D.Sc,  F.R.S.,  Lecturer 
on  Chemistry  and  Physics  in  St.  Mary's  Hospital  Medical 
School.     Received  May  13, 1892. 

The  experiments  described  in  the  previons  five  papers*  have  shown 
inter  alia  that  when  the  critical  curves  are  delineated  dedaced  with 
lead  (or  bismuth)  as  heavier  immiscible  metal,  zinc  as  lighter  ditto, 
and  tin  (or  silver)  as  ''  solvent,"  the  carves  where  bismuth  is  sub- 
stituted for  lead  lie  inside,  and  those  where  silver  is  substituted  for 
tin  outside f  the  original  curves  ;  and,  further,  that  in  certain  cases  the 
formation  of  definite  atomic  compounds  between  particular  pairs  of 
metals  leads  to  marked  results  as  regards  the  mutual  relations  of 
the  various  pairs  of  conjugate  points.  Thus,  silver  and  zinc  form 
the  compounds  AgZus  and  AgiZus,  with  the  result  of  producing 
marked  bulging  (inwards  or  outwards)  of  the  curves  deduced  with 
these  two  metals  associated  with  either  lead  or  bismuth.  Tin  and 
zinc  appear  to  form  the  compound  SnZn^,  with  the  result  of  causing  a  ' 
peculiar  convergence  of  the  tie-lines  when  the  proportions  of  metals 
mixed  together  permit  of  the  formation  of  lighter  alloys  containing 
tin  and  zinc  in  approximately  this  ratio.  Again,  the  alloys  of  lead, 
zinc,  and  tin  are  remarkable  in  that  the  lower  ties  slope  in  one 
direction,  and  the  upper  ones  in  the  opposite  direction;  and  the 
position  where  the  angle  of  slope  of  the  lower  ties  is  greatest  (which 
is  approximately  the  point  where  the  excess  of  tin  percentage  in  the 
lighter  alloy  over  that  in  the  heavier  one  is  a  maximum)  is  situated 
very  near  to  that  corresponding  with  a  ratio  of  tin  to  lead  in  the 
heavier  alloy  denoted  by  the  formula  SnPbs. 

The  following  experiments  were  made  with  mixtures  of  metals  cor- 
responding with  those  previously  described,  excepting  that  aluminium 
was  substituted  for  zinc.  One  general  result  appears  to  be  that  this 
substitution  always  causes  the  curve  to  lie  outside  of  its  former 
position  ;  and  another,  that  as  aluminium  does  not  appear  to  unite  with 
silver  to  form  compounds  analogous  to  AgZus  and  AgiZus,  the  peculiar 
bulges  observed  with  silver-zinc-lead  and  silver-zinc-bismuth  alloys 
are  not  visible  with  silver-aluminium-lead  and  silver-aluminium- 
bismuth  alloys. 

These  experiments  were  commenced  about  four  years  ago,  at 
which  time  moderately  pure  aluminium  was  not  in  the  market  in  any 
quantity;   at  least,  a  number  of   samples  of  metals   prepared  by 

•  Part  I, '  Boy.  Soc.  Ppoc./  vol.  46,  p.  461 :  Part  II,  vol.  48,  p.  25  j  Part  III, 
Tol.  49,  p.  166  5  Part  IV,  vol.  49,  p.  174  5  Part  V,  vol.  50,  p.  87*. 
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different  makers  were  examined  with  the  object  of  obtaining  a  few 
ponnds  of  aluminium  in  the  highest  practicable  state  of  purity ;  but, 
although  several  of  these  were  stated  to  contain  98  to  99  per  cent,  of 
aluminium  and  upwards,  on  analysis  far  greater  amounts  of  impurity 
than  1  or  2  per  cent,  were  generally  found  to  be  present.  Thus,  one 
sample  of  the  so-called  pure  metal  contained  upwards  of  10  per  cent, 
of  iron ;  another  contained,  besides  some  iron,  2'05  per  cent,  of 
matters  other  than  silicon  and  silica  insoluble  in  aqua  regia,  and  2*91 
per  cent,  of  silicon,  partly  oxidised  by  aqua  regia  to  soluble  silicic 
acid,  partly  oxidised  but  not  dissolved,  and  partly  not  oxidised  at  all. 
The  batch  finally  selected  as  the  best  obtainable  had  the  following 
composition,  the  sample  being  drawn  from  a  considerable  mass 
melted  together ;  it  was  supplied  as  metal  of  as  nearly  perfect  purity 
as  commercially  possible  to  obtain,  and  containing  upwards  of  99  per 
cent,  of  aluminium : — 

Silicon  left  undissolved   and   unoxidised  by 

aqaa  regia 0'30 

Silicon  oxidised  but  not  dissolved  by  aqua  regia  1*01 

„  „       and  dissolved  by  aqua  regia. ..  0*13 

Total  silicon l'44i 

Iron. 2-75 

Aluminium  (by  difference) 95*81 

10000 

No  other  impurities  of  any  kind  could  be  detected.* 

When  this  metal  was  employed  in  the  production  of  a  compound 
ternary  ingot  it  was  found  that  almost  the  whole  of  the  silicon  and 
iron  were  contained  in  the  lighter  alloy  in  which  the  aluminium  pre- 
dominated (as  compared  with  the  heavier  alloy).  In  some  cases, 
however,  when  the  amount  of  aluminium  in  the  heavier  alloy  became 

*  [At  the  present  time  alaminiain  containing  notably  smaller  quantities  of  silicon 
and  iron  can  be  obtained  commercially  at  less  than  one-eighth  the  price  charged  in 
1888.  Thus  a  recent  sample  of  ordinary  deliTeries  of  *'  Neuhausen  '*  aluminium 
was  found  to  contain — 

Silicon  left  undissolyed  and  unoxidised  by  aqua  regia. ...     0  '41 

Silicon  oxidised  but  not  dissolved 0  *07 

„  „        and  dissolved  by  aqua  regia 0  '83 

Total  silicon 1  '31 

Iron 0-39 

Copper 0-07 

Aluminium  (by  difference) ....  98  '23 

100-00 
May  30, 1892.] 
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considerable,  small  amounts  of  iron  and  silicon  were  also  contained 
therein. 

In  some  cases,  when  the  amount  of  alnminiam  in  the  upper  fX\oj 
was  large  and  the  other  constituents  small,  the  aluminium  was  taken 
by  difference,  the  percentages  being  corrected  by  means  of  the  above 
analysis  to  what  they  would  hare  been  if  reckoned  on  the  sum  of  the 
aluminium  and  the  other  two  metals  as  100.  When,  however,  the 
other  constituents  were  present  in  larger  quantity  the  aluminium  was 
directly  determined,  the  alumina  ultimately  precipitated  being  col- 
lected and  weighed,  and  the  SiOj  and  FcaOs  present  therein  subse- 
quently determined  and  subtracted  so  as  to  obtain  a  corrected  deter- 
mination of  the  aluminium  ;  the  percentages  were  then  reckoned  on 
the  sum  of  the  aluminium  thus  found  and  the  other  two  metals  as 
100.  Thus,  for  example,  an  alloy  of  tin,  lead,  and  aluminium  was 
found  to  contain  12*01  per  cent,  of  tin  and  1*71  per  cent,  of  lead ; 
hence,  reckoning  the  difference,  86*28  per  cent.,  as  aluminium,  silicon, 
and  iron  containing  95*81  per  cent,  of  the  first,  the  corrected  ana- 
lysis is — 

Tin 12*01       =       12*46 

Lead 1*71       =         1*77 

Aluminium. .  .86*28  X  0*9581  =     82*66       =       85*77 


96-38  100*00 

On  the  other  hand,  an  alloy  of  silver,  aluminium,  and  lead  was 
found  to  contain  the  following  percentages  of  these  three  metals 
respectively,  the  aluminium  being  reckoned  from  the  weight  of 
alumina  after  subtraction  of  silica  and  ferric  oxide  contained  in  the 
mixed  precipitate  first  weighed ;  whence  the  annexed  composition, 
calculated  on  the  sum  of  the  three  metals  as  100 : — 


Silver, .... 
Lead 

Aluminium  < 


Oalonlated  on  torn 

Foond. 

MlOO. 

8017 

80-79 

6-55 

6-60 

12-61 

12-61 

99-23  100*00 


In  the  case  of  the  lighter  alloys  containing  tin,  aluminium,  and 
lead  (or  bismuth)  with  large  percentages  of  the  first  metal,  it  was 
sometimes  found  that  a  notable  amount  of  oxygen  was  absorbed  by 
the  ing^t  whilst  standing  molten  for  eight  hours,  so  that  a  per- 
ceptible deficiency  from  100  was  observed  when  all  the  constituents 
were  added  together.  With  silver-aluminium-lead  and  silver- 
aluminium-bismuth  alloys  this  was  not  the  case ;  on  the  othfic  bM^<^ 
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alloys  oontaining  antiinoiij  instead  of  tin  or  silver  absorbed  oxygen 
still  more  readily.  In  all  such  cases  the  analyses  are  calculated  npoA 
the  sam  of  the  alnmininm,  tin,  and  lead  as  100  ;  thns  in  the  following 
instance  .• — 

Directly  Calculated  on  111111 

determined.  as  100. 

Tin 52-53  54i-82 

Lead 816  8-52 

Aluminium 35'  1 2  3666 

Iron 0-99  — 

Silicon  (total) 051  — 

Oxygen  (by  difference)  2*69  •  — 

100-00  100-00 

Mixtures  of  Aluminium^  Lead,  and  Tin, 

A  number  of  ternary  mixtures  were  prepared  by  melting  alu- 
minium, and  then  adding  weighed  quantities  of  lead  and  tin,  and 
stirring  vigorously.  A  considerable  amount  of  scorias  was  usually 
formed,  the  lead  partially  oxidising,  and  the  presence  of  the  lead 
oxide  formed  causing  the  mass  to  "  flour  '*  considerably ;  usually  the 
molten  portion  was  run  ofE  into  an  ingot  mould,  and  then  re-melted, 
and  when  in  the  pasty  stage  preceding  complete  fusion  rubbed 
about  in  the  bottom  of  the  crucible  with  a  hot  fireclay  pestle,  so  as  to 
promote  intermixture.  Finally  the  temperature  was  raised,  so  as  to 
bring  about  Complete  f asion,  and  after  more  vigorous  stirring  the 
liquid  metal  was  poured  into  red-hot  narrow  clay  crucibles  or  test- 
tubes,  and  maintained  molten  in  a  lead  bath  for  seven  to  eight  hours 
in  the  manner  previously  described.  The  temperature  during  this 
period  of  tranquil  fusion  lay  between  750°  and  850',  and  averaged 
close  upon  800°,  as  determined  by  the  platinum  specific  heat 
pyrometer  (Part  I).  No  flux  of  any  kind  was  used  during  the 
previous  meltings  and  stirrings,  oxidation  being  diminished  as  far 
as  practicable  by  directing  a  current  of  coal  gas  into  the  cracible ; 
notwithstanding  a  much  larger  amount  of  oxidation  nsually  took 
place  than  with  metallic  mixtures  fused  together  with  potassium 
cyanide,  as  in  the  previous  experiments.  The  metal  thus  oxidised 
was  usually  chiefly  lead^  the  tin  and  aluminium  present  being  com- 
paratively unaffected ;  the  uncertainty  as  to  the  amount  of  lead 
thus  removed  in  any  given  case  prevented  any  accurate  calculation 
being  made  respecting  the  relative  weights  of  the  three  metals 
present  in  the  final  compound  ingot  ultimately  obtained ;  the  weight 
of  this  was  always  considerably  less  than  the  joint  weights  of  the 
three  metals  originally  used,  partly  through  oxidation,  bat  prin- 
cipally because  the  formation  of  oxide  led  to  a  copioas  amount  of 
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"flouring"  of  the  molten  metal,  a  considerable  proportion  of  the 
alloys  being  reduced  to  minute  particles  that  did  not  coalesce  with 
the  rest  of  the  molten  mass,  and  remained  in  the  crucible  when  the 
f  osed  metal  was  poured  into  the  clay  test-tubes.  This  same  flouring 
action  was  equally  observed  when  bismath  was  substituted  for  lead ; 
whilst  with  silver  as  solvent  metal  instead  of  tin  it  was  still  more 
marked ;  frequently  not  more  than  three-quarters  or  two-thirds  of 
the  metals  originally  weighed  up  (40  to  50  grammes)  were  obtained 
to  final  compound  ingot,  and  sometimes  even  less;  the  deficiency 
varying  according  to  the  success  or  otherwise  of  attempts  to  exclude 
access  of  air  whilst  stirring. 

The  analysis  of  the  alloys  thus  prepared  was  carried  out  as 
follows  : — A  weighed  portion  was  dissolved  in  hydrochloric  acid  con- 
taining a  little  nitric  acid,  and  the  solution  largely  dilated. 
Sulphuretted  hydrogen  in  excess  was  then  passed  through,  and  the 
solution  containing  aluminium,  &c.,  filtered  ofP  from  the  precipitated 
sulphides  of  tin  and  lead.  These  were  then  separated  by  sulphide 
of  ammonium,  and  finally  weighed  as  SnOa  and  PbSOi  in  the  usual 
way.  The  filtrate  was  saturated  with  sulphuretted  hydrogen,  and 
allowed  to  stand  two  or  three  days  to  ensure  the  separation  of  the 
last  traces  of  tin;  finally  ammonia  was  added,  and  the  precipitate 
collected,  washed,  and  ignited.  The  weighed  impure  alumina  was 
then  redissolved  by  long  boiling  with  hydrochloric  acid,  any  silicic 
acid  pi*esent  separated  by  evaporation  to  dryness,  &c.,  and  the  iron 
present  estimated  volumetrically.  It  was  found  impracticable  to 
obtain  good  results  by  treating  the  alloys  with  nitric  acid  alone,  not 
only  because  alloys  containing  much  aluminium  are  only  attacked  by 
that  acid  with  great  difficulty,  but  also  because  the  tin  as  determined 
by  weighing  the  undissolved  SnOa  was  over-estimated  to  an  unknown 
amount  on  account  of  the  presence  of  silicon,  partly  left  undissolved 
as  such,  partly  converted  into  silicic  acid  more  or  less  retained  by 
the  tin  oxide  ;  so  that  it  was  necesary  to  fuse  the  impure  SnOa  with 
sulphur  and  sodium  carbonate  to  convert  into  soluble  sulpho- 
stannate,  to  precipitate  tin  sulphide  from  the  filtered  aqueous  solu- 
tion by  acidulation,  and  ultimately  to  roast  and  weigh  as  SnOa.* 
.  The  following  corrected  percentages  (reckoned  on  tin  -h  lead  -f- 
aluminium  =  100)  were  obtained  from  the  examination  of  25  com- 
pound ingots  representing  50  alloys.  In  the  preparation  of  these  the 
lead  and  aluminium  were  originally  weighed  up  in  the  proportion  of 
about  2*5  to  1  for  the  ingots  containing  smaller  amounts  of  tin ;  on 
account  of  the  low  density  of  aluminium  this  resulted  in  the  forma- 
tion  of  approximately  equal  volumes  of  heavier  and   lighter  alloy 

*  With  aluTi)iniam-bii>muth-tih  alloys  the  SnOj  undissolred  by  nitric  acid  aUo 
retains  bismuth  left  behind  as  sulphide  on  conversion  into  sulphostannate  and 
treatment  with  water  {vide  Part  III). 
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formed  in  each  case.  With  the  mixtnres  yielding  the  upper  tie-lines, 
the  proportions  were  altered  successively  to  1*5  to  1,  and,  finally,  to 
1  to  1,  as  the  difference  in  density  hetween  the  two  alloys  formed 
diminished  ;  so  as  still  to  give  rise  to  the  formation  of  the  two  alloys 
in  approximately  equal  quantities  hy  volume.  It  was  found  that 
when  lead  and  aluminiam  (without  tin)  were  fused  together,  well 
intermixed,  and  then  allowed  to  stand  molten  at  about  800°  for  some 
hours,  the  lead  retained,  on  an  average,  0'07  per  cent,  of  aluminium 
dissolved,  and  the  aluminium  1*91  per  cent,  of  lead  (mean  of  nine 
experiments  altogether). 


■ 
<«» 

o 

• 

o 

Heavier  alloy. 

Lighter  alloy. 

Exceu  of  tin  ' 

percentage 

in  lighter 

alloy  over 

thieit  in 

heavier. 

Tin. 

Lead. 

Alumin- 
ium. 

Tin. 

Lead. 

Alumin- 
ium. 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

0 

4-60 
11-17 
12-51 
14-01 
16-97 
18-26 
21-13 
26  10 
33-64 
46-41 
66-16 
61-62 
64-21 
65-07 
63-92 

99-93 
95-83 
88-77 
87-43 
86-76 
83-61 
81-42 
78-40 
74-17 
65-35 
61-89 
89-78 
29-14 
24-52 
28-06 
21-78 

0-07 
0  07 
0  06 
0  06 
0-24 
0*42 
0-33 
0-47 
0-78 
1-01 
2-70 
6-11 
9-34 
11-27 
11-87 
14-30 

0 
6 '26 
14-60 
20-26 
24-60 
27-00 
27-47 
28-98 
31-83 
39-37 
46-34 
48-11 
62-27 
64-62 
69-14 
60-27 

1-91 
1-86 
2-83 
2-22 
2-66 
2-99 
2-89 
3-39 
8-38 
6  02 
6-68 
6-78 
7-16 
9-38 

16  00 

17  04 

98-09 
91-89 
83-17 
77-52 
72-96 
70-01 
69-64 
67-63 
64-79 
66-61 
49-08 
46- 11 
40-67 
86-00 
25-86 
22-69 

0 
+   1-66 
+   8-33 
+   7-76 
■^10-49 
+  11-03 
+   9-22 
+   7-86 
+  6-78 
+   5-73 

-  0-07 

-  706 

-  9-26 

-  9-69 

-  6-93 

-  3-66 

The  figures  in  the  last  column  show  that  aluminium-tin-lead  alloys 

resemble  zinc-tin-alloys  in  that  they  famish  a  critical  curve,  the 

lower  ties  of  which  slope  to  the  left  (lead  side),  and  the  upper  ones 

to  the  right  (zinc  or  aluminium  side).     Moreover,  the  point  where 

the  slope  of  the  lower  ties  is  greatest  (i.6.,  practically  that  where  the 

excess  of  tin  percentage  in  lighter  alloy  over  that  in  heavier  alloy  is 

a  +  maximum)  is  in  each  case  close  to  that  where  the  ratio  of  tin 

and  lead  contained  in  the  heavier  alloy  is  that  represented  by  the 

formula  SnPbs. 

Al,Pb^n  alloys 
(6th  tie*line) . 

15-97       = 
83-61       = 


Calculated 
for  SnPb,. 

Tin 15-97 

Lead  • . . .  84-03 


Zn,Fb»Sn  alloys. 

Found. 

Part  V. 

16-04 

15-41 

83-96 

84-59 

100-00 


99-58 


100-00 


100-00 
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This  ooiBcideQce  would  seem  to  Boggest  tliat  the  peculiar  disposi- 
tion of  tifi-lineB  with  theee  two  series  of  aJloys  (oot  observed  with 
Kay  others)  is  due  to  the  tendencrf  towards  the  formation  of  the 
definite  compoond,  SnPbi;  oa  the  other  hand,  in  neither  oase  id  an; 
balge  inwuds  or  outwards  noticeable  in  the  contour  of  the  criticiil 
cnnre  at  the  part  corresponding  with  this  componnd,  such  as  n 
obeeryed  in  the  case  of  the  atomic  oomponndB  AgZng  and  AgiZng. 


Fig.  1  represents  the  critical  cnrve  plotted  ttom  the  figures  con 
tained  in  the  above  table;  obTioosly  it  lies  oviside  the  analogoni 
carves  obtained  at  650°  and  800°  with  sine- lead -tin  alloys  (Part  V 
figs.  1  and  5).  The  former  of  these  is  shown  by  the  inner  dottet 
line.  The  slopes  of  the  npper  ties  suggest  that  there  is  somi 
tendency  towards  convergence  to  a  point  on  the  right-hand  side ;  th< 
central  point  of  that  port  of  the  curve  where  this  tendency  is  mani 
feat  (marked  P  in  the  figure)  is  that  representing  the  compoRitioi 
tin  =  49,  lead  =  6,  aluminium  =  45,  which  is  close  to  that  representee 
by  the  formula  SnAli,  so  far  as  the  ratio  between  tin  and  alnminian 


18  Dr.  C.  R.  Alder  Wright.  [June  2, 

Found. 


Tin 

Calculated. 
52-2 

r  -      - 

49 

521 

Alaminium  . . . 

47-8 

45 

= 

47-9 

• 

100-0  94  1000 

An  analogons  point,  more  clearly  marked,  was  observed,  with  sinc- 
lead-tin  alloys  corresponding  with  the  formula  SnZn4  (Part  Y). 

On  applying  the  graphical  methods  of  Sir  O.  Q,  Stokes  for  dednc- 
ing  the  position  of  the  limiting  point  L  from  the  above  data  (PartY), 
the  first  method  gives  the  values 


A-B 

=        0-6 

O+C 

=    1250 

and  the  second — 

A+A' 

=    89-5 

B+B' 

=    SS-O 

from  which  the  following  percentages  are  deduced : — 

Iflt  Method.     2nd  Method.  Mean. 

Lead 190  1975  19-4 

Aluminium 185  17-5  180 

Tin 62-6  62-75  626 


100-0.  100-00  1000 

This  mean  value  represents  a  ratio  of  lead  to  aluminium  not  far 
from  that  indicated  by  the  formula  PbAl?. 

Found. 
Calculated.  / * \ 

Lead 62-3  194      =       619 

Aluminium 477  18-0      =      481 


100-0  37-4  1000 

The  corresponding  ratio  with  lead-zinc-tin  alloys  was  nearly  that 
indicated  by  PbZn«. 

Mixtures  of  Alumtniumj  Bismuth^  and  Tin. 

A  series  of  mixtures  of  aluminium,  bismuth,  and  tin  was  prepared 
in  just  the  same  way ;  the  analysis  of  the  ternary  alloys  formed  was 
carried  out  in  precisely  the  same  fashion,  excepting  that  the  bismuth 
sulphide  separated  from  tin  sulphide  was  weighed  ultimately  as 
BisOs ;  the  results  calculated  on  the  sum  of  aluminium  -f-  bismuth  + 
tin  =  100  are  given  in  the  table  below,  derived  from  the  examination 
of  24  compound  ingots,  representing  48   alloys.      As  before,  the 
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mixtures  were  kept  molten  for  7  to  8  hours  at  a  t^emperafcnre  Ijiiig 
between  750^  and  850^,  and  ayeraging  near  800°  G. ;  the  earlier  ties 
were  obtained  with  mixtares  containing  bismnth  and  alnminiam  in 
the  ratio  bj  weight  of  2*5  to  1,  and  the  later  ones  in  the  ratio  1*5  to  1, 
and,  finally,  1  to  1,  in  such  fashion  as  to  effect  approximate  eqnaliiy 
in  volwne  of  the  heavier  and  lighter  alloys  formed  throughont. 


• 

•i 

•8 

• 

HeaTier  alloy. 

Lighter  alloy. 

Exoees  of  tin 

percentage 

in  lighter 

alloy  oYfer 

that  in 

heaTier. 

• 

Tm. 

Bia- 
muth. 

Alnmin- 
iam. 

Tin. 

Bis- 
math. 

Alnmin- 
inm. 

0 

1 

2 
8 

4 
5 
6 
7 
8 
9 

10 
11 
12 
18 

0 

2-79 
6-67 
12-26 
21-02 
81-87 
40-76 
46-18 
50-09 
64-22 
56-91 
57  61 
58-17 
67-23 

99-72 
96-64 
98-58 
86-08 
76-90 
65-19 
54-87 
47-60 
41-64 
86-82 
80-78 
27-10 
24-01 
28-20 

0-28 

0-67 

0-86 

1-71 

2-08 

8-44 

4-87 

6-27 

8-27 

9-96 

12-86 

16-29 

17-82 

19-67 

0 

2-46 

4-90 

9-48 

17-66 

26-40 

84- 18 

86-68 

88  12 

42*80 

42-97 

46-76 

49-48 

51-82 

1 

2-02 
2-40 
2-75 
8-06 
8-60 
5-27 
6-99 
8  00 
8-87 
9-00 
9-49 
9-58 
18-08 
14*87 

97-98 
96-16 
92-85 
87-61 
78-94 
68-88 
68*88 
66-28 
68-61 
48-11 
47-64 
44-71 
87-44 
84-81 

0 

-  0-34 

-  0-67 

-  2-88 

-  8-46 

-  4-97 

-  6-68 
-10-50 
-11-97 
-11-42 
-18-94 
-11-86 

-  8-69 

-  6-91 

Fig.  2  represents  these  yalnes  plotted  on  the  triangular  system, 
the  outer  dotted  line  being  the  curve  above  described  for  aJnminium- 
lead-tin  alloys,  obviously  lying  outside  the  curve  obtained  with  bismuth 
instead  of  lead.  The  inner  dotted  line  represents  the  corresponding 
curve  with  zinc-bismuth-tin  (Part  Y,  fig.  7),  illustrating  the  effect  of 
substituting  aluminium  for  zinc.'*  With  the  exception  that  the  one 
lies  outside  the  other,  the  aluminium-bismuth-tin  and  zinc-bismuth- 
tin  curves  exhibit  a  close  resemblance,  the  ties  uniformly  sloping  to 
the  right  (i.e.,  the  heavier  alloy  always  containing  more  tin  than  the 
lighter  one).  No  marked  bulge  inwards  or  outwards,  indicating  the 
formation  of  an  atomic  compound,  is  anywhere  perceptible. 

The  position  of  the  limiting  point  with  zinc-bismuth-tin  alloys  at 
650°  was  deduced  (Part  V)  as  yielding  a  ratio  between  bismuth 
and  zinc  close  to  that  indicated  by  the  formula  BLZuio ;  that  similarly 

*  The  solubilitj  of  bismuth  in  aluminium  (without  the  presence  of  a  third 
metal)  is  but  little  less  than  that  of  bismuth  in  zino  (2*02  per  cent,  at  870°  as  com- 
pared  with  2*32  at  660°  and  2*47  at  750°)  ;  but  the  solubility  of  aluminium  in 
bismuth  is  greatly  inferior  to  that  of  zinc  in  bismuth  (0*28  per  cent,  at  870°  as 
compared  with  14*28  per  cent,  at  650°  and  15-18  at  750°). 
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deduced  witli  alnmininm-biainDth-tm  alloys  correeponda  with  the 
formula  BiAlip.  Applying  Stokefl'  tvo  metfaodB,  large-acale  plottmgs 
lead  to  the  valnes  A— B  =  -8  2  and  C+C  =  1110  for  the  fiisb 
metliod,  and  A+A'  =  38-0,  B+B'  =  50-0  for  the  second  method 
whence  the  limiting  point,  L,  oorreBponds  to  the  composition — 


Biaiulh 

AlDmininm  ... 
Tin 

Itt  Hithod. 
. .       18-2 
..       26-3 
...       55-5 

Znd  Hetbod. 
190 
250 
660 

H«ui. 
18-60 
25-66 
56-?6 

100-0 

1000 

100-00 

forBiAl,^ 
....       43-3 
567 

Found. 

Bbmith 

Ahmiimm... 

i8-6 
25-65 

z 

42-1 
57-9 

1000 

M-25 

1000 
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Mixtures  of  AUtminiwn^  Leadj  and  Silver, 

The  foregoing  experiments  show  that  no  material  alteration  is 
produced  in  the  general  characters  of  the  critical  curves  for  alloys 
containing  lead  (or  hismnth)  and  zinc  as  immiscihle  metals  and  tin 
as  solvent  metal,  when  aluminium  is  substituted  for  zinc,  excepting 
that  the  curves  are  raised  through  the  diminished  solubility  of  the 
two  immiscible  metals  jointly  in  the  solvent.  The  following  experi- 
mente  show  that  a  similar  result  follows  when  silver  is  substituted 
for  tin  as  solvent ;  with  the  difference  that,  whereas  bulges  exist  in 
the  lower  parte  of  the  critical  curves  when  silver  and  zinc  are  simul- 
taneously present,  owing  to  the  formation  of  the  definite  compounds 
AgZne  and  Ag4Zns  (Part  V.),  no  such  bulges  are  noticeable  when  silver 
and  aluminium  are  employed ;  suggesting  either  that  corresponding 
compounds  of  silver  and  aluminium  are  not  formed  at  all ;  or  that^  if 
they  are  formed,  they  are  more  readily  dissociated  and  broken  up  on 
standing  molten  for  seven  or  eight  hours  than  is  the  case  with  the 
fiilver-zinc  compounds. 

A  series  of  mixtures  of  aluminium,  silver,  and  lead  was  prepared, 
precisely  as  above  described  (the  same  aluminium  being  used),  the  only 
difference  being  that,  on  account  of  the  higher  fusing  point  of  some  of 
the  alloys  formqd,  the  crucible  in  which  the  first  fusion  and  inter- 
mixture took  place  was  heated  by  a  small  Fleteher's  blast  gas  furnace, 
instead  of  a  large  Bunsen  gas  burner,  provided  with  a  clay  jacket  and 
iron  chimney,  the  heat  from  which,  though  sufficient  for  all  the  mix- 
tures previously  described,  was  not  always  high  enough  to  permit  of 
the  less  fusible  highly  argentiferous  alloys  being  poured  into  the 
clay  test  tabes  cleanly,  and  without  partly  sob'difying  in  the  crucible 
during  the  transference.  The  temperature  of  the  lead  bath  was 
similarly  increased  by  using  differently  arranged  burners  in  such 
fashion  as  to  maintain  a  perceptibly  higher  temperature  than  any 
hitherto  used,  ranging  between  830"*  and  upwards  of  900^,  and  averag- 
ing about  870"*  or  somewhat  higher. 

For  the  lower  ties  (smaller  silver  percentages)  the  lead  and  alumin- 
ium were  used  in  the  proportions  2  to  1,  so  that  the  volumes  of  the 
heavier  -and  lighter  alloys  formed  should  not  differ  widely ;  for  the 
upper  ones  increasing  proportions  of  lead  were  found  to  be  requisite 
to  bring  about  the  same  result,  so  that  for  the  highest  ties  obtained 
the  lead  and  aluminium  were  originally  used  in  the  proportion  10  to  1. 
Owing  to  oxidation  of  lead,  however,  the  ratio  of  the  quantities  of 
the  two  metals  present  in  the  compound  ingots  finally  obtained  was 
perceptibly  less  than  this,  by  an  amount  too  variable  to  allow  an 
average  to  be  even  approximately  estimated. 

The  analysis  was  made  by  dissolving  in  nitric  acid  and  precipitating 
silver  as  chloride ;  the  filtrate  was  evaporated  with  excess  of  sulph- 
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uric  acid,  and  the  lead  determined  as  PbSOi ;  the  filtrate  from  this 
was  supersaturated  with  anunonia,  and  the  weight  of  the  impnre 
alnmina  found  corrected  for  silica  and  ferric  oxide  as  before,  the 
results  being  fiuallj  calculated  on  the  sum  of  silver  +  aluminium  + 
lead  as  100. 

The  following  table  represents  the  results  obtained  \sj  the  examina^ 
tion  of  26  compound  ingots  forming  52  ternary  alloys. 


•J 

HeaTier  alloy. 

■ 

Lighter  alloy. 

Excess  of 

silyer  per- 
centage in 

o 

• 

SilTer. 

Lead. 

Alumin- 

• 

Silrer. 

Lead. 

Alnmin- 

• 

lighter  alloy 
orer  that  in 

^ 

mm. 

ram. 

heayier. 

0 

0 

99-98 

0  07 

0 

1-91 

96-09 

0 

1 

0*30 

99*61 

0-09 

16-05 

1*60 

88*85 

14-76 

2 

0-61 

99-24 

0-15 

81*98 

1-97 

66-05 

81-87 

8 

0-80 

99-01 

0  19 

48  16 

2-27 

54-68 

42-85 

4 

118 

98-69 

0-28 

58-85 

2*12 

44  08 

62-72 

6 

1-31 

98-40 

0-29 

58-48 

1-88 

89-69 

67  12 

6 

1-74 

98-10 

0-16 

66-40 

2-10 

81-50 

64-66 

7 

2-82 

97-47 

0-21 

71-07 

2-88 

26-10 

68-76 

8 

8  16 

96-68 

0-81 

75-88 

2-68 

22-04 

72-17 

9 

5-19 

94-61 

0-20 

80-87 

2-85 

16-78 

75-18 

10 

6-69 

98-18 

0-18 

84-84 

8-28 

12-88 

77-66 

11 

7-87 

91-99 

0-14 

84-68 

8-88 

11-54 

76-76 

12 

11-76 

88-14 

Oil 

84-91 

6*40 

9-69 

78-16 

18 

20*99 

78-87 

0*14 

88-10 

9-78 

7-17 

62  11 

14 

28-16 

71-66 

0-80 

81-17 

18*47 

5*86 

58-02 

16 

82-82 

66-77 

0-41 

77-64 

17-75 

4-61 

44-82 

16 

86-40 

62-85 

0-75 

74-65 

21*65 

8-70 

38-25 

17 

40-78 

68*81 

0-96 

72-88 

28-76 

8*86 

82-15 

Fig.  3  represents  the  critical  curve  plotted  from  these  values; 
obviously  no  marked  irregularity  of  contour  is  visible,  nor  any  tend- 
ency towards  convergence  of  tie-lines  to  a  fixed  point,  suggesting 
that  aluminium  and  silver  do  not  form  definite  atomic  compounds 
analogous  to  AgiZus  and  AgZus  on  the  one  hand,  or  to  AlSn^  on  the 
other.  The  tie-lines  uniformly  slope  downwards  to  the  left,  i.e.,  the 
lighter  alloy  always  contains  more  silver  than  the  heavier  one,  pre- 
cisely as  in  the  case  of  zinc- lead-silver  alloys. 

The  inner  dotted  curve  marked  No.  1  represents  the  curve  obtained, 
as  above  described,  with  tin-aluminium-lead  alloys,  obviously  under- 
lying that  obtained  with  silver- aluminium-lead  alloys,  notwithstanding 
that  the  temperature  in  the  latter  case  was  somewhat  higher,  about 
870°  as  compared  with  800^ 

The  inner  dotted  curve,  marked  No.  2,  similarly  represents  the 
curve  obtained  with  zinc-silver-lead  alloys  (Part  V),  omitting  the 
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bulges  obBerred  dae  to  the  formation  of  the  definite  compoonds  AgZnj 
&nd  Ag(Zni ;  a  compariBon  of  this  with  the  &liummnm-silTer-1ead 
cnrre  shows  that  the  Bnbstitntion  of  alnmininm  for  linc  greatly 
raises  the  cnrve,  as  prenooBly  fonnd  with  alominiam-tin-lead  and 
alnmiuinm-tin- bismuth,  aa  compared  with  zinc-tin-iead  aod  sinotin- 
bismnth  alloys  respectively. 

On  applying  Stokes'  second  method  to  the  above  fignres,  a  large- 
scale  plotting  leads  to  the  valoes  A+A'  =  80,  B-l-B'  =  S'S  at  the 
limiting  point;  whence  the  composition  for  this  points 

Lead -5-     =      40-0 


Silver —      =      58-25 

10(H)0 
representing  a  ratio  between  alnmininm  and    lead   dose  to   that 
indicated  bytheformola  PbiAl.    The  corresponding  mtio  fonnd  with 
alnmininm-Iead-tin  alloys,  as  above  described,  was  n«ex  ^\i^  m4a.<3ai!i!&. 
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by  FbAli,  whilst  Bmo-lead-silTer  alloys  gave  a  ratio  near  that  indicated 

by  the  formula  Pb|Zn  (Part  V). 

H^oniid. 

Oalonlated.  , ^ ^ 

Pb 95-8  400      =      96*8 

Al 4-2  175    =        4*2 


100-0 


41-75 


100-0 


Miaslwres  of  Aluminium^  Biamuth^  and  Stiver. 

A  series  of  xxuxtnres  of  aluminiiim,  bismuth,  and  silver  was  pre- 
pared in  precisely  the  same  waj,  the  temperature  during  the  period 
of  tranquil  fusion  being  the  same,  viz.,  between  830^  and  upwards  of 
900^,  averaging  about  870**,  or  a  little  higher ;  for  the  lower  ties,  as 
before,  bismuth  and  aluminium  were  employed  in  about  the  relative 
proportion  2  to  1,  increasing  quantities  of  bismuth  being  used  for  the 
upper  ones,  until  the  proportion  reached  about  10  to  1.  The  aUoys 
were  analysed  by  dissolving  in  nitric  acid,  and  precipitating  the  silver 
as  chloride,  and  diluting  the  filtrate  and  precipitating  with  sulph- 
uretted hydrogen ;  the  sulphide  of  bismuth  was  ultimately  weighed 
as  oxide,  after  dissolving  in  nitric  acid  and  precipitatiug  with  ammo- 
nium carbonate;  whilst 'the  aluminium  was  precipitated  from  the 
sulphuretted  hydrogen  filtrate  by  ammonia,  and  the  weighed  alumina 
corrected  for  sUica  and  ferric  oxide,  as  before ;  the  results  being  in 
all  cases  calculated  upon  the  sum  of  silver,  bismuth,  and  aluminium 
found  as  100. 

The  following  table  represents  the  results  obtained  by  the  exami- 
nation of  20  compound  ingots,  representing  40  alloys  : — 


No.  of  tie-line. 

Heayier  alloy. 

1 

Lighter  alloj. 

Excess  of 
silyer  per- 
centage in 
lighter  alloy 
over  that  in 
heaner. 

Silver. 

BiB- 
muth. 

Alnmin- 
ium. 

Silrer. 

Bis- 
muth. 

Alumin- 
ium. 

0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

0 

0-74 

1-69 

1*96 

2  01 

4-81 

11-51 

21-56 

25-41 

31-05 

40*92 

48-53 

99*72 
98-39 
97-43 
97-31 
97*49 
94-72 
88-09 
77-72 
74-07 
68*28 
57-97 
49-62 

0-28 
0-87 
0-98 
0-74 
0-50 
0-47 
0-40 
0-72 
0-52 
0-67 
1-11 
1-86 

0 
12-30 
24-20 
33*95 
51-80 
68-63 
81-29 
83-75 
83*88 
82-60 
75-64 
68-16 

2*02 
2-66 
8-49 
8-60 
3-39 
8-94 
4-71 
6-46 
7-98 
9-96 
18*70 
28-60 

97*98 

86*04 

72-31 

62-55 

44-81 

27*43 

14-00 

9*80 

8-14 

7-44 

5-66 

8-34 

0 
11-66 
22-61 
32-00 
49-79 
63-82 
69-78 
62-19 
58-47 
61-66 
34*72 
19-63 
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.  i  represents  the  critical  carve  deduced  from  these  values ;  the 
poiot  marked  A  repreBents  a  mixture  of  metals  that  did  not  separate 
into  two  ("  real "  alloy,  containing  Ag  =  59'9,  Bi  =  37*3,  AI  = 
2-8). 

The  oater  dotted  lino  is  the  correeponding  curve,  obtained  as  above 
described,  with  alamininm^lead-ailver  alloja,  distinctly  iUastratin^ 
the  raising  of  the  curve  broaght  about  by  the  substitation  of  lead 
for  bismnth  with  aluminium  and  silver,  just  as  previously  found  for 
eino  and  tin,  zinc  and  silver,  and  aluminium  and  tin. 

The  inner  dotted  curve  is  that  obtained  with  zino-bismnth-silveT 
alloys  (Part  V),  omitting  the  bulges,  illustrating  the  effect  of  substi- 
tuting alamininm  for  zinc  in  raising  the  curve,  jnst  as  in  the  pre> 
vions  cases  with  lead  and  tin,  bismnth  and  tin,  and  lead  and  silver. 

Obviously  no  marked  irregolarity  of  contour  is  noticeable,  nor 
any  change  of  direction  of  tie-lines,  nor  any  tendency  to  converge 
to  a  point,  apparently  indicating  the  absence  of  any  tendency  of 
alnmiuiom  to  form  definite  compounds  with  silver,  like  those  formed 
by  zinc  with  silver  or  tin. 

All  the  tie-lines  slope  to  the  left,  jnst  as  in  ihs  csaa  ^  *i^!A  <:jQaBt 
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silver-contaming  ternary  alloys  examined  (silver-lead-zinc,  silver- 
bismuth-zinc,  and  silyer-alnmininm-lead),  %.e.y  the  lighter  alloy  always 
contains  the  most  silver.  With  tin  as  solvent  metal,  on  the  other 
hand,  the  upper  tie-lines  always  slope  to  the  rights  i.e.,  the  heavier 
alloy  contains  the  mo&t  tin;  with  bismnth-zinc-tin  and  bismuth- 
alnminiom-tin  alloys  this  direction  of  slope  is  observed  with  all  the 
tie-lines ;  bat  with  lead-zinc-tin  and  lead-alnminiom-tin  the  lower  tieR 
slope  to  the  left,  apparently  because  of  the  formation  of  definite  com- 
pounds SnZn4  and  SnAli  on  the  one  hand,  and  SnPbs  on  the  other, 
the  influence  of  the  former  of  which  on  the  bismuth-containing  alloys 
is  not  pereeptible,  on  account  of  the  lower  situation  of  the  curve. 

On  applying  Stokes'  second  system  to  the  above  figures,  a  large- 
scale  plotting  leads  to  the  values  at  the  limiting  point  A+A'  ==  79, 
B+B'  ==  4*5 ;  whence  the  composition 

79 
Bismuth -g-      =      39-50 

Aluminium.  • —^      =         2*25 

Silver —       =       58'25 


100-00 


representing  a  ratio  between  bismuth  and  aluminium  near  to  that 
indicated  by  the  formula  BisAl. 


Calculated. 

93-9 

6-1 

Found. 

• 

Bi 

Al 

39-60      = 
2-25      = 

94-6 
5-4 

100-0  41-75  100-0 

The  corresponding  ratio  found  previously  in  the  case  of  bismuth- 
zinc-silver  alloys  was  near  that  indicated  by  the  formula  BiZn^ 
(Part  Y)  ;  whence  it  would  seem  that,  although  the  composition  of 
the  alloys  corresponding  with  certain  points  on  the  analogous  curves 
obtained  where  aluminium  is  substituted  for  zinc  exhibit  some  degree 
of  parallelism  (e.^.,  those  corresponding  with  the  ratios  SnZui  and 
SnAli),  yet  this  does  not  apply  to  the  composition  represented  by  the 
limiting  points ;  and,  further,  the  composition  at  the  limiting  point 
corresponds  with  a  ratio  between  the  two  immiscible  metals  which 
varies  in  each  case  with  the  nature  of  the  solvent  metal.  Thus  in 
the  eight  cases  hitherto  investigated  the  ratios  approximately  found 
are  as  follows : — 
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Immisoible  metals.                 Solrent  inetaL  Approximate  ratio. 

Lead  and  zioc Tin  PbZn« 

„             „     Silver  Pb2Zn 

Lead  and  aluminiam ....             Tin  PbaAl? 

„              , Silver  PhjAl 

Bismnth  and  zinc Tin  BiZnio 

„              „        Silver  BiZns 

Bismntli  and  alnminiam.  •             Tin  BiAlio 

„             „        Silver  Bi^Al 

The  anthor  has  mnch  pleasure  in  acknowledging  the  assistance  of 
Mr.  Sydney  Joyce  in  carrying  out  a  large  proportion  of  the  analytical 
work  requisite  for  the  experiments  above  described. 


VI,  "  The  Conditions  of  the  Formation  and  Decomposition  of 
Nitrous  Acid."  By  V.  H.  Veley,  M.A.,  University  Museum, 
Oxford.  Communicated  by  Professor  Odling,  F.R.S.  Re- 
ceived April  12,  1892. 

Introductory. 

Thronghout  the  whole  science  of  chemistry  there  is  possibly  no 
reagent  so  &eqaently  represented  as  taking  part  in  various  trans- 
formations, but  of  which  so  little  definite  is  known,  as  nitrous  acid. 
In  many  text-books  its  properties  are  cursorily  discussed  in  a  few 
lines,  while  some  writers  have  gone  so  far  as  to  deny  its  existence 
altogether  even  in  the  presence  of  nitric  acid.  Among  the  commoner 
examples  of  reactions  considered  to  be  effected  by  nitrous  acid,  it  is 
necessary  only  to  mention  the  conversion  of  the  primary  paraffinoid 
amines  into  the  corresponding  alcohols,  the  formation  of  nitroso-  and 
diazo-derivatives,  and  the  preparation  of  the  fulminates.  In  a 
previous  paper*  it  was  my  endeavour  to  prove  that  the  solution  of 
certain  metals  in  nitric  acid  was  conditioned  by  the  presence  of 
nitrous  acid,  and  the  cause  of  the  chemical  change  explained  on  the 
supposition  that  the  acid  is  alternately  formed  and  decomposed. 

As  a  fitting  corollary  to  these  investigations,  it  seemed  worthy  of 
interest  to  examine  to  some  extent  the  validity  of  this  hypothesis  by 
endeavouring  to  imitate  the  reactions  supposed  to  take  place  on 
solution  of  the  metal,  either  when  no  metal  is  present,  or  when  the 
metallic  salt  is  either  present  or  absent. 

The  stability  of  nitrous  acid  in  presence  of  nitric  acid  forms  also  a 
part  of  this  research,  and,  conversely,  the  stability  of  nitric  acid  in 
absence  of  nitrous  acid  is  discussed. 

In  the  present,  as  in  my  former,  investigations,  it  will  be  nnder- 

•  *  Phil.  Trans.,'  1881,  A,  pp.  312—818. 


28  Mr.  V.  H.  Veley.     The  Conditions  of  tfie       [June  2, 

stood  that  the  term  nitrons  acid  is  applied  to  that  kind  of  matter 
which  decolorises  potassium  permanganate,  liberates  iodine  from 
potassium  iodide,  and  gives  various  colour  reactions  with  certain 
organic  bases. 

The  Formation  of  Nitrous  Add  in  Nitric  Acid  SohUion. 

Nitrous  acid  is  generally  produced  directly  by  the  decomposition  or 
reduction  of  nitric  acid  effected  (i)  by  heating  the  acid,  (ii)  by  pass- 
ing nitric  oxide  or  nitrous  fumes  into  it,  (iii)  by  electrolysis,  or  more 
indirectly  (iv)  by  addition  of  nitrogen  peroxide  to  water,  and  (v)  by 
decomposition  of  metallic  nitrites  with  acids.  The  nature  of  these 
several  changes,  their  conditions,  and  the  composition  of  the  solutions 
obtained  form  the  main  subjects  of  this  investigation. 

The  MetJiods  of  Analysis. 

The  following  process  was  adopted  for  estimating  the  respective 
amounts  of  nitrous  and  nitric  acids  in  presence  of  one  another ;  the 
total  acidity  was  determined  in  the  usual  manner  by  means  of 
standard  alkali,  the  nitrous  acid  by  means  of  potassium  permanga- 
nate ;  from  the  factors  thus  obtained  the  amount  of  acidity  due  to 
the  nitric  acid  by  itself  could  be  readily  calculated.  It  was  found 
by  experience  not  only  in  the  present  but  also  in  previous  investig^ 
tions  that  nitrous  acid  could  not  conveniently  be  estimated  by  the 
addition  of  the  permanganate  solution  until  it  is  no  longer  decolor- 
ised, for  the  oxidation  of  the  nitrous  acid  at  the  end  of  the  operation 
is  gradual  and  not  instantaneous.  This  point  does  not  seem  to  have 
been  noticed  by  the  writers  on  quantitative  analysis.  Accordingly 
the  method  was  modified  as  follows : — The  solution  of  the  nitrous 
acid  was  added  to  such  a  quantity  of  the  standard  permanganate, 
acidified  with  sulphuric  acid,  which  was  judged  to  be  in  slight  excess 
over  that  required  to  complete  the  oxidation,  and  the  whole  mixture 
allowed  to  stand  in  stoppered  bottles  for  half  an  hour.  The  pink 
liquid  was  then  poured  into  potassium  iodide  solution,  and  the 
amount  of  iodine  liberated  by  the  excess  of  the  permanganate  deter- 
mined, as  customary,  by  standard  sodium  thiosulphate  solution. 
There  was  apparently  no  risk  of  any  of  the  nitrous  acid  escaping 
oxidation,  and  thus  liberating  iodine  from  the  potassium  iodide,  if 
the  method  was  carried  out  as  described. 

In  order  to  test  the  accuracy  of  the  process,  some  purified  silver 
nitrite  was  recrystallised  several  times  from  water,  a  known  quantity 
of  it  was  weighed  out,  suspended  in  water,  and  decomposed  by  a 
slight  excess  of  purified  sodium  chloride.  The  amount  of  nitrous 
acid  calculated  as  (N02)  was  determined  in  the  solution,  and  for  a 
test  analysis  the  following  may  be  cited  : — 
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Amount  of  (NOt)  in  1  c.c.  calculated  from 
the  weighed  quantity  of  silver  nitrite 
taken 0005963  gram. 

Amount  of  (NO,)  in  1  c.c.  found 0-005974      „ 

The  process  is,  therefore,  accurate  in  this  particular  case  to  within 
1  part  in  600.  YHien  smaller  quantities  of  nitrous  acid  were  to  be 
estimated,  the  metaphenylenediamine  method  was  adopted,  the 
coloration  produced  being  compared  with  a  solution  containing  a 
known  quantity  of  nitrous  acid  by  means  of  the  form  of  tintometer 
described  in  my  former  paper  (vide  auprd). 

The  Stability  of  Nitric  Acid, 

It  seemed  worthy  of  investigation  to  determine  the  actual  tem- 
perature at  which  traces  of  nitrogen  peroxide  begin  to  be  formed  in 
purified  nitric  acid  of  different  degrees  of  concentration ;  hitherto 
only  general  statements  are  given  in  the  text-books.*  Samples  of 
acid  of  sp.  gr.  1*5  and  1*4  respectively  were  purified  by  the  method 
of  blowing  a  current  of  air  at  a  temperature  of  35"*,  and  thus  obtained 
quite  colourless ;  the  latter  was  diluted  (i)  with  its  own  volume,  and 
(ii)  with  three  times  its  volume,  of  water.  An  acid  of  sp.  gr.  1*53 
was  prepared  by  distillation  of  recrystallised  nitre  with  sulphuric 
acid,  and  the  reddish-yellow  acid  thus  obtained  was  redistilled  with 
an  equal  bulk  of  sulphuric  acid.  A  number  of  attempts  were  made 
to  render  this  acid  colourless  by  a  current  of  air  or  carbonic  acid, 
but,  notwithstanding  several  modifications,  these  proved  unsuccessful. 
Recourse  was,  therefore,  had  to  distillation  in  vacuo  in  an  apparatus 
specially  constructed  of  glass. 

The  method  of  operation  was  as  follows : — The  slightly  yellow  acid 
was  placed  in  the  distillation  flask,  and  the  receiver  kept  cooled  by  a 
freezing  mixture ;  at  a  temperature  of  45"*,  and  under  a  pressure  of 
15  mm.,  the  acid  passed  over  without  any  visible  ebullition.  After 
one-third  of  the  liquid  had  been  condensed,  the  receiver  was  changed, 
and  the  remainder  distilled  over;  the  first  portions  contained  a 
greater  part  of  the  nitrogen  peroxide.  The  second  distillate  was 
then  redistilled  in  the  same  manner,  and  thus  a  perfectly  colourless 
liquid  was  obtained  (sp.gr.  0/0  =  l*541)t  containing  only  0*011  milli- 

*  Carius  (*  Ber.  Deut.  Chem.  Ges./  1870,  p.  690)  states  that  when  pure  nitric 
acid  of  sp.  gr.  1*51  is  heated  in  sealed  tubes  to  a  temperature  of  150°  and  upwards, 
a  reddish-jellow  liquid  is  produced,  with  erolution  of  oxygen  and  "  nitrous  acid 
gas  ;*'  above  250°  the  liquid  contains  such  an  abundance  of  nitrous  acid  that  it 
giTCB  a  blue  colour  on  addition  of  a  small  quantity  of  water,  and  on  further  dilution 
nitric  oxide  is  eyolved.  Accordingly,  the  decomposition  of  the  acid  under  these 
conditions  is  expressible  by  the  equation  2HN08  ■-  ^aOs  +  Oj  +  HjO. 

t  I  am  indebted  to  my  colleague  Dr.  J.  Watts  for  loan  of  ap^T«di.\>&  vkA  ^vkaV 
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gram  of  nitrogen  peroxide.     Attempts  to  prepare  an  acid  of  greater 
concentration  and  more  fi*ee  from  the  peroxide  proved  unsnccessfol. 

In  the  following  table  are  given  the  amount  of  nitric  acid  in  1  c.c. 
of  each  of  the  several  samples. 


Amount  of  nitric  acid 
Sample.  in  1  c.c. 

I 1-350    grams 

II 11890      „ 

ni 1-0763      „ 

IV 0-5183      „ 

V 0-2563      „ 


Specific  gravity  10/10. 

1-541 

1-512 

1-420 

not  determined 


»» 


For  each  experiment  10  c.c.  of  the  acid  were  placed  in  a  small  piece 
of  combostion  tubing,  which  had  previously  been  cleansed  by  being 
filled  with  concentrated  nitric  acid  and  allowed  to  stand  for  several 
honrs,  generally  over  night.  The  tubes  were  then  rinsed  several 
times  with  water,  and  finally  with  water  redistilled  from  potaasium 
permanganate.  It  was  hoped  that  by  this  method  all  i^educing  sub- 
stances might  be  completely  destroyed.  After  introduction  of  the 
acid  the  tubes  were  quickly  sealed  up  and  then  heated  to  various 
temperatures  in  water  or  paraffin  baths.  The  experiments  were  con- 
ducted in  dull  and  generally  foggy  weather,  advantageous  at  least 
for  them,  as  concentrated  nitric  acid  is  decomposed  by  direct  sunlight. 
At  the  end  of  each  experiment  the  10  c.c.  of  acid  were  poured  into 
100  c.c.  of  water,  and  the  amount  of  nitrous  acid  determined  by 
t)ie  metaphenylenediamine  method,  as  explained  above ;  this  is  then 
reckoned  in  terms  of  nitrogen  peroxide,  the  substance  which  imparts 
the  yellow  tint  to  the  impure  acid. 


Sample  of 
acid. 

Tempera- 
ture. 

Time. 

Nitrogen  peroxide  produced  ex- 
pressed aa  0*001  milligram  in 

1  C.C. 

I 

III 

IV 

V 

» 
» 

9^ 

» 

0*25 
2-9 
0-61 
nil 

ance  in  this  method  of  procedure,  which  both  in  his  and  my  hands  has  prored  more 
successful  than  the  air  (or  carbonic  acid)  current  method,  usually  described  in  the 
text  books,  when  acids  of  specific  gravity  greater  than  1*6  are  required  perfectly 
colourless. 

The  distillation  method,  however,  presents  one  of  two  alternate  difficulties :  on 
the  one  hand,  in  each  repetition  of  the  distillation  the  proportion  of  nitrogen  per- 
oxide is  decreased,  on  the  other,  that  of  the  water  is  increased. 
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These  results  show  that  whereas  the  amount  of  nitrogen  peroxide 
present  in  the  most  concentrated  acid  is  doubled  by  heating  under  the 
conditions  described  above,  yet  the  amounts  of  this  same  impurity 
produced  in  the  less  concentrated  acids  are  quite  inappreciable. .  A 
series  of  other  determinations  were  made  at  high  temperatures,  the 
results  of  which  are  given  below. 


Sample  of 
acid. 

Tempera- 
tare. 

Time. 

Nitrogen  peroxide  present. 
0  '001  milligram  in  1  o.c. 

I 

in 

IV 

V 

68° 
II 
II 
11 

90^ 

II 
II 
II 

0-27 

2-7 

2-9 

not  measurable 

Sample  of 
acid. 

Tempera- 
tare. 

Tune. 

Nitrogen  peroxide  present. 

I 

III 

IV 

V 

lOOP 

II 
i» 
II 

90' 
II 
i» 
11 

0*431 
0  05 

nil 

nU 

Sample  of 
acid. 

Tempera- 
ture. 

Time. 

Nitrogen  peroxide  present. 

II 

III 

IV 

V 

120° 

II 
II 
If 

90^ 

II 
If 

II 

0-96 
0-2 
0-2 
nU 

Sample  of 
acid. 

Tempera- 
ture. 

Time. 

Nitrogen  peroxide  present. 

Ill 

IV 

V 

155° 

If 
II 

90^ 

If 
ff 

0-70 
0-06 
0-06 

Sample  of 
acid. 

Tempera- 
ture. 

Time. 

Nitrogen  peroxide  present. 

Ill 
IV 

195° 
II 

5' 

If 

219 
80 

L 
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It  is  manifest  from  the  figures  given  in  the  tables  above  that 
sample  No.  I  was  decomposed  to  some  extent  at  58^,  and  to  a  g^reater 
degree  at  100'',  sample  No.  II  at  120°,  sample  No.  Ill  at  155",  and  very 
rapidly  at  195°,  sample  No.  lY  at  195°,  while  the  most  dilate  acid 
remained  practically  unaltered  throughout.  It  would  also  appear 
that,  provided  every  care  be  taken  to  eliminate  ^reducing  substances, 
especially  of  an  organic  character,  and  provided  also  that  the  acids 
are  not  unduly  exposed  to  sunlight,  nitric  acid  is  more  stable  than 
former  experience  indicated.  It  would  be  an  interesting  subject  of 
enquiry  to  ascertain  as  to  whether  nitric  acid  is  afBected  by  shocks, 
as  I  have  found  that  samples  of  acid  purified  so  as  to  be  practically 
free  from  nitrous  acid  were  contaminated  with  that  impurity  after  a 
railway  journey. 

Formation  of  Nitrous  Acid  from  Nitric  Oxide  and  Nitric  Acid, 

It  is  a  common  matter  of  observation  that  when  nitric  oxide  gas  is 
passed  into  nitric  acid  a  greenish-blue  solution  is  produced,  which 
shows  all  the  reactions  of  nitrous  acid ;  some  writers,  however,  con- 
sider that  the  nitric  oxide  gas  is  only  dissolved  as  such  in  the  nitric 
acid  in  that,  when  the  liquid  is  warmed,  the  gas  is  again  evolved.  It 
is  more  probable  that  nitrous  acid  is  formed  and  subsequently  decom- 
posed, changes  represented  by  the  following  equations  : — 

(I.)  2N04-HNO,4-H,0  =  3HN0,. 
(II.)  3HN0a  =  2N0h-HN0,+H,0. 

Glemente  Montemartini*  has  proved  that  of  these  changes  the 
latter  proceed  quantitatively,  at  least  in  dilute  solution,  in  accordance 
with  the  equation  given. 

If  these  changes  are  strictly  reversible,  it  would  follow  as  a 
necessary  consequence  that  there  would  be  a  limit  to  the  amount  of 
the  nitrous  acid  produced,  and  this  limit  would  be  dependent  upon 
conditions  such  as  concentration  of  acid  and  temperature.  The  equa- 
tion for  equilibrium  will  be 

pjq  =  constant, 

wherein  p  is  the  mass  of  nitric  acid,  and  q  is  the  mass  of  nitrous 
acid,  for  when  the  limit  is  reached  the  amounts  of  nitric  oxide  gas 
passing  in  and  out  would  be  identical,  while  the  alteration  of  the 
mass  of  water  would  be  immaterial. 

On  the  other  hand,  if  the  phenomenon  is  merely  that  of  solution, 
the  amount  of  nitric  oxide  gas  dissolved  should,  other  conditions 
remaining  the  same,  diminish  under  all  circumstances  as  the  temper- 
ature increases. 

*  *  Borne,  Accad.  Lincei  Bendiconti/  1890,  p.  264. 
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To  decide  between  these  views,  and  to  determine  the  limit, 
whether  of  nitrons  acid  formed  or  of  nitric  oxide  dissolved,  as  the 
case  might  be,  a  series  of  experiments  were  condacted  in  the  follow- 
ing manner. 

Nitric  acid  was  passed  throngh  an  apparatus  consisting  of  (1)  a 
wash-bottle  containing  soda ;  (2)  a  set  of  Liebig's  balbs ;  and  (3)  a 
set  of  Geissler's  bulbs  both  filled  with  nitric  acid  of  the  same  con- 
centration, the  latter  of  which  was  nsed  for  the  analytical  deter- 
minations; and  (4)  a  wash-bottle  containing  soda  to  prevent  any 
nitrous  fumes,  produced  by  the  passage  of  the  unaltered  nitric  oxide 
into  the  air,  from  accidentally  coming  in  contact  with  the  acid  experi- 
mented upon.  In  these  and  succeeding  experiments  the  apparatus 
consisted  wholly  of  glass,  except  for  small  pieces  of  rubber  tubing 
which  served  for  connections  ;  these  were  frequently  renewed.  Before 
the  nitric  oxide  was  passed,  the  whole  apparatus  was  filled  with 
hydrogen,  my  previous  experiments  having  shown  that  this  gas,  when 
ready-made,  does  not  redace  nitric  acid,  but  even  mechanically  blows 
off  any  slight  impurity  of  nitrous  acid.  At  the  end  of  the  operation 
the  Geissler's  bulbs  were  quickly  detached,  and  the  acid  blown  out  by 
a  rapid  stream  of  carbonic  acid.  While  the  experiment  was  proceed- 
ing the  bulbs  were  kept  in  a  water- bath,  the  temperature  of  which 
was  carefully  regulated  ;  the  passage  of  the  nitric  oxide  was  kept  as 
uniform  as  possible. 

The  following  table  contains  the  results  of  the  £rst  set  of  experi- 
ments ;  not  only  of  the  actual  amounts  of  nitric  acid,  and  of  nitrous 
lEbcid,  i.e.,  the  reducing  power,  are  given,  but  also  of  the  percentage 
amounts  of  these  acids,  taking  the  total  acidity  as  100 : — 


Series  I. 
Temperature,  22•5^ 


Time. 

Nitric  acid 
in  1  C.C. 

Nitrous  acid 
in  1  C.C. 

Percentage 
rates. 

After  passage  of  nitric  oxide 

»               }*                a 

hours. 

4 
8 

gram. 
0*2549 
0*2404 
0*2409 

gram. 

nil 
0*0168 
0*0164 

100:0 
98*47:6*58 
93*62:6*88 

These  results  show  that  the  phenomenon,  whether  of  reaction  or 
of  solution,  was  complete  at  the  end  of  the  first  interval  of  time ;  but, 
taken  by  themselves,  they  would  not  suffice  to  distinguish  under 
which  category  the  change  is  to  be  classified.  Accordingly  a  series 
of  experiments  were  conducted  in  which  the  only  variable  condition 
was  that  of  temperature,  for,  as  pointed  out  above,  if  the  nitric  oxide 

?0L.  LII.  \> 
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18  merely  dissolved,  then  the  redacing  power  would  diminish  with 
increase  of  temperatnre,  bnt  if  a  chemical  change  takes  place,  then 
its  amonnt  would  depend  npon  the  relative  intensities  of  the  chemical 
change  represented  bj  the  equations  given. 

Series  II. 
Temperature,  9*. 


Time. 

Nitrous  acid 
in  1  c.c. 

Nitrous  acid 
in  1  CO. 

Percentage 
rates. 

After  passage  of  nitric  oxide 

hours. 
3 

gram. 
0-2549 
0-2496 

gram. 
0-0169 

100:0 
93 -66  :  6  84 

Series  III. 
Temperature,  27*5°. 


After  passage  of  nitric  oxide 


»» 


» 


t> 


hours. 

4 
8 


grani. 
0-2549 
0-2836 
0-2362 


gram. 

0  -0171 
0  -0169 


100:0 
98-18:6-62 
98  '69  :  6  31 


Series  IV. 
Temperature,  32^ 

A  fier  passage  of  nitric  oxide 

hours. 
8 

gram. 
0-2549 
0-2318 

gram. 

nil 
0  0223 

100:0 
91 -22  :  8 -76 

Series  V. 
Temperature,  42"*. 

After  passage  of  nitric  oxide 

hours. 
8 

gram. 
0-2549 
0-2872 

gram. 

nU 
0-016 

98*68:6*82 

Series  VI. 
Temperature,  52°. 

After  passage  of  nitric  oxide 

hours. 
8 

gram. 
0 -2549 
0-2866 

gram. 

nU 
0  0186 

94-56:6-44 
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It  will  be  evident  from  the  above  experiments  that  the  ratio  of 
nitrons  to  nitric  acid  increases  slightly  with  rise  of  temperature  np 
to  32^,  but  from  this  point  it  decreases  so  that  the  values  at  9*  and  42* 
are  nearly  identical. 

These  results,  in  the  case  of  acid  of  the  concentration  used,  would 
seem  to  indicate  that  the  phenomenon  is  not  entirely  one  of  solution, 
but  partly  also  of  reversible  chemical  changes,  the  difference  in  their 
relative  intensities  being  greatest  at  or  about  32^,  and  least  at  52*,  a 
temperature  at  which  nifcrous  acid  by  itself  would  be  very  rapidly 
decomposed.  These  results  were  also  confirmed  by  experiments  con- 
ducted with  a  sample  of  acid  of  half  the  concentration  of  that  used 
above. 

Concentration  of  nitric  acid  s  0*1279  gram. 

Series  VII. 
Temperature,  22**5. 


Time. 

Nitric  acid  in  1  c.o. 

Nitrous  acid  in  1  cc 

Percentage  ratio. 

hours. 
3 
4 

gram. 
0  1257 
0  1276 

gram. 
0  0124 
00136 

89-79  :  10-21 
90-87  :     9-63 

Series  VHI. 
Temperature,  32*. 


hours. 
3i 

gram. 
0-1208 

gram. 
0  0187 

89  78  :  10-22 

Series  IX. 
Temperature,  42°. 


hours. 
3 

gram. 
0-1186 

gram. 
0-0114 

91  '22  :    8  -78 

Series  X. 
Temperature,  52"*. 


hours. 
8 


gram. 
0  1274 


gram. 
0-0088 


98*54  :    6-46 


\>^ 


\ 
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In  these  sets  of  experiments,  also,  the  amount  of  nitrons  acid  formed 
increases  up  to  a  temperature  of  32^,  and  from  this  point  again 
decreases.  Further  from  comparison  of  results  obtained  with  the 
two  samples  of  acid  at  the  same  temperature  it  is  evident  the  per- 
centage ratio  of  nitrons  acid  is  increased  with  decrease  of  concentra' 
tion.  To  confirm  this  a  further  series  of  experiments  were  conducted 
with  an  acid  of  one-fourth  of  the  concentration  of  that  ased  in  the 
first  set. 

Concentration  of  acid  =  0*0655  gram  in  1  c.c. 

Series  XI. 
Temperature,  22'''6. 


Time. 

Nitric  acid  in  1  c.c. 

Nitrous  acid  in  1  c.o. 

Percentage  ratio. 

hours. 
2 

gram. 
0*0662 
0  0661 

gram. 
0  0097 
0  0088 

87  -22  :  12  -78 
88-26  :  11-76 

Series  XII. 
Temperature,  32°. 


hours. 
8 
2 

gram. 
0  0624 
0  0634 

gram. 
0  0097 
0  0106 

86-66  :  18*46 
86*79  :  14-21 

Series  XIII. 
Temperature,  42°. 


hours. 
8 

gram. 
0  0680 

gram. 
00081 

88  61  :  11  -39 

Series  XIV. 
Temperature,  52°. 


hours. 
8 

gram. 
0  0662 

gram. 
0-0062 

91  -31  :    8  '69 

The  results  given  in  the  four  tables  above  are  perfectly  in  accord- 
ance  with  those  of  the  preceding  series,  the  maximum  value  for  the 
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amount  of  nitrous  acid  being  as  before  at  a  temperatore  of  32^ ;  thejr 
also  show  that  with  decrease  of  concentration  the  percentage  ratio  of 
nitrous  acid  is  increased,  though  its  total  amount  is  decreased. 
Experiments  were  then  conducted  with  acids  of  greater  concentration, 
the  results  of  which  are  given  below. 


Concentration  of  acid  =  0*3457  gram  in  1  o.c. 

Series  XVI. 
Temperature,  22°. 


Time. 

Nitric  acid  in  1  c.c. 

Nitrous  acid  in  1  c.c. 

Percentage  ratio. 

hours. 
8 

gram. 
0-3254 

gram. 
0  0268 

92  -89  :  7  -61 

Series  XVII. 
Temperature,  32**. 


hours. 
8 

gram. 
0 -8253 

gram. 
0  0212 

93-88  :  612 

Series  XVm. 
Temperature,  42*, 


hours. 
8 

gram. 
0-8080 

• 

gram. 
0  -0178 

94-618  :  6-82 

Concentration  of  acid  =  0*6338  gram  in  1  c.c. 

Series  XIX. 
Temperature,  22°'5. 


Time. 


hours. 
8 
8  (expt.  re- 
peaited). 


Nitric  acid  in  1  c.c. 


gram. 
0-6940 
0-5791 


Nitrous  acid  in  1  o.o. 


gram. 
0-0897 
0-0408 


Percentage  ratio. 


93*74  :  6-26 
93*42  :  6*58 


I 


\ 
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Series  XX. 
Temperature,  32^. 


boon. 
3^ 

gram. 
0*5306 

gram. 
0*0295 

94*74  :  5-26 

The  liquids  obtained  in  the  experiments  detailed  above  were  of  a 
blue  tint,  bnt  it  was  also  observed  that  in  the  case  of  the  more  con- 
centrated acids  red  fames  were  evolved  to  a  slight  extent,  thus 
showing  under  these  conditions  a  more  complex  reaction  than  the 
simple  reversible  change  given  above.  It  is  also  to  be  noticed  that 
the  sum  of  the  quantities  of  nitrous  and  nitric  acids  found  are  less 
than  the  quantity  of  nitric  acid  originally  taken,  thus  showing  that 
some  unaccounted-for  destruction  of  the  acid  had  taken  place.  In  a 
set  of  experiments  with  more  concentrated  acids  the  evolution  of 
fumes  and  the  destruction  of  the  acid  were  further  noticeable. 

Concentration  of  acid  =  1*089  gram  in  1  c.c. 

Series  XXI. 
Temperature,  22°-8. 


Time. 

Nitric  aoid  in  1  c.c. 

Nitrous  add  in  1  c.c 

• 

Percentage  ratio. 

hours. 

U 
2  (expt.  re- 
peated) 

gram. 
0*8704 
0*8700 

gram. 
0*0632 
0  0664 

98  -25  :  6  76 
92*91  :  7*09 

Series  XXII. 
Temperature,  27**. 


hours. 
Ik 

gram. 
0*7009 

0*0891 

94*72  :  6*29 

In  the  above  series  of  experiments,  when  tbe  nitric  oxide  gas  was 
first  passed  in  a  yellow  colour  was  produced,  but  this  speedily  changed 
into  a  deep  green  tint.  It  thus  appeared  that  nitrogen  peroxide  was 
at  first  produced  and  this  was  converted,  possibly  by  the  nitric  oxide 
and  possibly,  also,  by  the  water  present,  iuto  the  green  acid  which 
certain  writers  have  considered  to  have  the  composition  N1Os.NaO3.HaO ; 
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fiXLch  an  acid,  however,  would  oontaiii  nearly  50  per  cent,  of  nitrons 
acid. 

After  moRt  of  the  experimental  work  above  detailed  had  been  per- 
formed, a  paper  appeared  by  F.  Marchlewski,*  entitled  "  Zur 
Kenntniss  der  verschiedenen  Farbnngen  der  Salpetersanre,"  in  which 
the  author  describes  varions  experiments  upon  the  reaction  between 
nitric  oxide  and  nitric  acid.  The  main  object  of  the  paper  was  to 
determine  the  composition  of  the  varions  coloured  liquids  prodnced 
when  nitric  oxide,  nitrous  fumes,  and  niti*ogen  peroxide  are  passed 
into  nitric  acid  of  different  concentration.  The  method  employed 
consisted  in  preparing  such  liquids  and  then  decolorising  tbem  by  a 
current  of  carbonic  anhydride  ;  the  gases  evolved  were  passed  into 
sulphunc  acid  and  the  solution  subjected  to  analysis.  The  process  is 
based  upon  the  observations  of  Lunge  that  nitrous  fames  give  under 
these  conditions  nitrosyl  sulphuric  acid,  while  nitrogen  peroxide 
gives  a  mixture  of  nitrosyl  sulphuric  and  nitric  acids,  thus  : — 

(I.)  2HaS044-NaO,  =  2S0a.N0a.0H  +  H,0. 
(11.)  HaSOi+NaOi  =  SOa.NO,.OH+HNO,. 

It  might  appear  open  to  question  whether  the  composition  of  these 
liquids  can  be  ascertained  by  this  indirect  method,  and  whether  a 
liquid  apparently  decolorised  contains  nothing  but  the  residual  nitric 
acid  (more  or  less  diluted)  of  the  operation.     My  o?m  experience  has 
shown  that  it  is  extremely  difficult  to  remove  the  last  traces  of  the 
yellow  colour  from  the  more  concentrated  acids ;  though,  on  the  other 
hand,  it  must  be  allowed  that  the  method  of  analysis  adopted  in  the 
text  would  not  distinguish  between  nitrous  acid  on  the  one  hand  and 
nitrogen  peroxide  on  the  other,  the  latter  of  which  would  appear  in 
the  course  of  analysis  as  an  equimolecular  mixture  of  nitrous  and 
nitric  acids.     These  remarks  would,  however,  apply  probably  only  to 
the  two  last  series  of  experiments.     Marchlewski  gives  no  observa- 
tions of  time,  temperature,  or  degree  of  humidity  of  gases,  whether 
oxides  of  nitrogen  or   carbonic    anhydride,   nor   a  single   control 
analysis  of  the  residual  nitric  aoid.     Some  proof  is  given  that  the 
di£Ference  between  the  green  and  blue  acids  is  dependent  upon  not 
only  the  water  present  but  also  upon  the  dissolved  nitric  oxide. 
Marchlewski  seems   to   be  quite  unaware    of    the   observations  of 
Peligot,t  made  nearly  forty  years  ago,  upon  the  same  subject. 

•  '  Ber.  Deut.  Chem.  G-es.,'  vol.  24,  p.  3271. 

t  *  Ann.  Chim.  Phye.*  [Ill],  vol.  2,  p.  68.  The  remarks  of  P^ligot  Beem  worth 
tnuuoribing,  as  haying  possibly  fallen  into  imdeserred  oblivion :  "  Comme  I'acide 
azoteux  pur  paratt  dtre  bleu  tandis  que  Taclde  azotique  et  Tacide  hjpoazotique 
m^ng^  sont  jaunes,  on  obtint  par  cette  action  de  I'eau  "  (viz.,  upon  nitrogen  per- 
oxides) "  selon  les  proportions  employ^  les  differentt  nuanoe%  dft  '^vtX.  «\*  ^<& W«vl 
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Certain  experiments  were  made  npon  the  action  of  dry  nitric 
oxide  npon  nearly  anbydrons  nitric  acid  (sp.  gr.  7/7*  =  1*5326),  the 
preparation  of  which  has  been  described  in  a  previous  section.  The 
air  was  driven  ont  of  the  apparatus  by  a  cnrrent  of  carbonic  acid 
dried  by  passage  through  a  wash-bottle  containing  concentrated 
sulphuric  acid,  and  then  through  three  drying  tubes  filled  with 
pumice  and  phosphorus  pentoxide.  The  nitric  acid  was  contained  in 
the  Geissler's  bulbs  as  before  (kept  at  a  temperature  of  11^),  and 
subsequent  to  them  was  another  wash-bottle  of  sulphuric  acid  to  pre- 
vent the  access  of  moisture  by  backward  diffusion. 

On  passage  of  the  nitric  oxide  gas,  the  portion  of  acid  in  the  first 
bulb  was  turned  a  yellow  tint,  which  gradually  deepened  to  an  orange- 
red  ;  when  about  a  litre  of  the  gas  had  been  driven  through  a  red 
oil  appeared  floating  upon  the  surface  of  the  acid,  and  a  few  minutes 
after  the  red  oil  turned  a  green  tint,  and  for  some  time  there  were 
two  distinct  liquids  of  different  densities  in  the  bulb,  bnt  afterwards 
a  green  uniform  liquid  was  obtained.  Meanwhile  the  portion  of  acid 
in  the  second  bulb  had  deepened  in  tint,  then  the  red  oil  was  formed, 
and  the  other  phenomena  in  due  succession.  (The  weight  of  the  acid 
at  this  point  had  increased.)  When  about  4  litres  of  nitric  oxide  had 
passed  in  the  green  liquid  in  the  first  bulb  gradually  turned  to  a 
blue,  which  slowly  evaporated  into  the  second  bulb,  and  eventually 
only  a  few  drops  of  an  almost  colourless  liquid  were  left.  Simul- 
taneously the  portion  of  acid  in  the  third  bulb  showed  the  transition 
tints  of  yellow  to  orange  with  ultimate  formation  of  the  red  oil,  and 
also  dense  red  fumes  passed  out  of  the  acid.  At  this  point  the  ex- 
periment was  stopped,  and  the  weight  of  the  nitric  acid  was  found  to 
have  considerably  decreased. 

The  explanation  of  these  changes,  which  were  observed  in  part 
by  Priestley*  at  the  end  of  the  last  century,  seems  to  be  as  follows : — 
At  first  nitrogen  peroxide  is  formed  by  the  mutual  oxidation  of  the 
nitric  oxide  and  reduction  of  the  nitric  acid,  and  this  is  retained  in 
solution  by  the  excess  of  the  acid 

2HNO,+2NO  =  3N,04+2H,0. 

A  point  is  reached  at  which  the  acid  becomes  supersaturated,  and  the 

.  .  .  qui  se  d^veloppent  ^galement  par  Taction  du  bioxyde  d'azote  sur  Tacide 
azotique  &  diff^renta  degr^  de  density. 

<*  Le  produit  vert  .  .  se  forme  aussi  par  le  contact  du  bioxyde  d*azote  aveo 
Tacide  bypoazotique,  et  Ba  production  pouvait  6tre  tout  k  fait  ind^pendante  de 
Teau  "  (as  shown  by  experiment). 

*  ''  Experiments  and  Obserrations  on  different  kinds  of  Air/'  vol.  1,  p.  383.  I 
may  be  allowed  to  allude  to  the  section  of  this  work  relating  to  nitrous  acid,  which 
oontains  a  number  of  observations  upon  its  properties ;  several  of  them  appear  to 
have  been  published  as  novelties  many  years  afterwards. 
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excess  of  the  peroxide  separates  out  (the  red  oil).  According  to 
the  experiments  of  P^ligot,  nitric  oxide  passed  into  this  gives  a 
green  liquid.  The  absorption  and  retention  of  the  nitrogen  per- 
oxide accounts  for  the  gain  in  weight  (about  one-sixth)  of  the  acid. 
The  reduction  then  proceeds  further,  and  nitrous  acid  (the  blue 
liquid)  is  produced,  thus  : — 

N,044-2NO-h2H,0  =  4HN0„ 

and  this  is  evaporated  by  the  continued  current  of  the  nitric  oxide, 
leaving  finally  only  the  water  originally  present,  both  free  and  com- 
bined, in  the  nitric  acid.  This  destruction  of  the  nitric  acid  accounts 
for  the  loss  in  weight.  As  Priestley  wrote :  "  Towards  the  end  of  the 
process  (of  absorption  of  nitrous  air  by  pale-yellow  spirit  of  nitre), 
the  evaporation  of  the  acid  was  perceived  to  be  very  great,  and  when 
I  took  it  out  the  quantity  was  found  to  be  diminished  by  one-half. 
Also,  it  had  become,  by  means  of  the  process  and  evaporation 
together,  exceedingly  weak,  and  was  rather  blue  than  green." 

Beaction  between  Nitric  Oxide  and  Mercuric  Nitrate  in  Nitric  Acid 

Solution. 

In  my  former  paper*  it  was  shown  that  when  a  current  of  hydro- 
gen was  passed  through  a  solution  of  mercuric  nitrate  in  nitric 
acid  solution,  the  mercuric  was  reduced  to  a  mercurous  salt  with- 
out any  considerable  formation  of  nitrous  acid,  which  was,  howeyer, 
produced  in  abundance  when  cupric  nitrate  was  subjected  to  the 
same  action.  As  it  seemed  probable  that  the  nitrous  acid  which 
might  have  been  produced  in  the  former  operation  was  in  reality  used 
up  in  the  reduction  of  the  mercuric  salt,  the  experiment  was  re- 
peated in  precisely  similar  manner,  nitric  oxide  being  substituted 
for  hydrogen.  It  was  found,  as  before,  that  the  mercuric  salt  was 
reduced ;  from  0*5  gram  mercuric  oxide  dissolved  in  nitric  acid 
(I  c.c.  containing  0*2549  g^m  acid)  after  passage  of  nitric  oxide 
for  3|  hours  at  a  temperature  of  35"*,  0*019  gram  of  mercurous 
chloride  was  obtained,  while  from  a  similar  portion,  through 
which  the  nitric  oxide  had  not  been  passed,  0*0018  gram  was  pre- 
cipitated. It  is  probable,  then,  that  the  hydrogen  in  the  former 
experiments  reduced  at  first  the  free  nitric  into  nitrous  acid,  which 
in  its  turn  reduced  the  mercuric  nitrate,  thus : — 

2Hg(NO,),+2HNO,  =  Hg,(NO,)a4-2HNO,. 

No  free  nitrous  acid  would  therefore  appear  in  the  course  of  the 
operation. 

•  *  FhiL  Tnmt./  I89I,  k,  p.  «U. 
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Summary  of  Besults. 

I.  The  reaction  between  nitric  oxide  and  nitric  acid  varies  with 
the  concentration  of  the  acid  and  the  temperature ;  with  more  con- 
centrated acids  nitrogen  peroxide  is  at  first  formed  and  then  nitrons 
acid ;  with  less  concentrated  acids  the  latter  is  produced  at  once. 

II.  Only  with  quite  dilute  acids  (of  30  per  cent,  concentration  and 
below)  does  the  reaction  between  the  nitric  oxide  and  nitric  acid 
appear  to  be  reversible ;  the  average  value  for  pjq  =  9  ( j?  =  quantity 
of  nitric,  q  of  nitrous,  acid),  though  the  actual  value  varies  from 
3  to  4  per  cent,  on  either  side,  according  to  the  conditions  of  the  ex- 
periment. 

III.  With  more  dilute  acids  the  amount  of  nitrous  acid  formed  at 
first  increases  slightly  and  then  decreases  with  the  temperature ;  but 
with  more  concentrated  acids  the  amoant  uniformly  decreases. 

lY.  The  proportional  quantity  of  nitrous  acid  formed  increases 
with  decrease  of  concentration,  but  the  actual  quantity  is  of  course 
less. 

It  would  appear  that  the  simple  reversible  reaction  between  nitric 
oxide  and  nitric  acid  becomes  modified  with  acids  above  a  concentra- 
tion of  about  30  per  cent,  and  a  temperature  of  32^.  These  were  also 
approximately  the  limits  of  concentration  and  temperature,  above 
which  the  reactions  between  metals  and  nitrio  aoid  oould  not  be 
prevented  by  substances  such  as  urea,  potassiam  chlorate,  and  the 
like.  I  will,  however,  merely  allude  to  the  point  without  wishing  to 
lay  an  undue  stress  upon  possibly  nothing  bat  chance  ooinoidences. 

The  Bate  of  Deeompoiition  of  Niiroue  Acid, 

The  velocity  of  the  decomposition  of  nitrous  acid,  presumably  in 
nitric  acid  solution,  has  been  made  the  subject  of  a  previous  investi- 
gation by  Glemente  Montemartini  (vide  supra).  As  a  result  of 
several  series  of  experiments  this  writer  considers  that  the  rate  of 
this  decomposition  may  be  expressed  by  the  differential  equation 

(I.)^  =  ftC     or     (n.)&  =  ^log^. 

in  which  C  is  the  concentration,  T  the  time,  and  it;  is  a  constant. 

This  equation  will  be  discussed  in  the  sequeL  My  experiments 
were  commenced  primarily  with  a  view  of  ascertaining  if  nitrons  acid 
is  the  more  stable  the  greater  the  proportion  of  nitric  acid  present, 
a  point  which  was  raised  in  the  course  of  my  investigations  on  the 
reactions  of  nitric  acid  and  metals.  Further,  it  seemed  probable  that 
the  presence  of  metallic  salts  might  also  affect  the  stability  of  nitrous 
acid,  as  Armstrong  and  Ac  worth*  allude  to  the  persistence  with 

•  *  Chem.  Soc.  Journ./  1877  (II),  p.  §4. 
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which  the  nitrous  acid  is  retained  by  solutions  containing  the  products 
of  the  reaction  between  nitric  acid  and  metals.  It  also  seemed 
possible  that  such  a  line  of  inquiry  might  throw  some  light  upon  the 
nature  of  an  acid  intermediate  between  nitrous  and  nitric  acids,  in 
whose  existence  certain  writers  believe,  though  the  facts  adduced  at 
present  are  perhaps  hardly  sufficient  to  warrant  such  a  belief. 

The  apparatus  and  method  of  experiment  finally  adopted  were  as 
follows  : — The  nitrous  acid  solution  was  placed  in  a  cylindrical  tube 
containing  100  c.c.  up  to  a  certain  mark ;  at  its  upper  end  were  two 
apertures,  into  one  of  which  was  sealed  a  glass  delivery  tube,  while 
the  other  could  be  wholly  or  partially  closed  by  a  small  rubber  plug 
through  which  passed  a  pipette  of  exactly  2  c.c.  capacity.  The 
former,  which  served  for  the  passage  of  a  stream  of  carbonic  acid, 
was  sealed  ofE  at  its  lower  end,  the  gas  passing  through  a  small  pin- 
hole at  the  side,  and  thus  not  directly  impinging  upon  the  liquid ; 
the  space  between  the  loosely-fitting  plug  and  the  glass  wall  serving 
for  its  exit.  At  the  end  of  certain  intervals  of  time  the  plug  was 
rammed  in,  whereby  the  pressure  of  the  gas  forced  the  liquid  up  the 
pipette ;  when  this  was  filled  up  to  the  graduation  mark  the  sample 
was  removed  for  analysis,  while  the  aperture  of  the  cylindrical  tube 
was  partly  closed  meanwhile  by  a  duplicate  plug.  The  cylinder  was 
immersed  in  a  water-bath,  the  temperature  of  which  was  kept 
constant  to  within  one- tenth  of  a  degree  on  either  side  of  that 
required.  Before  any  observations  were  made  the  ratio  of  nitrous  to 
nitric  acid  present  was  determined. 

Nitrous  Acid  from  Silver  Nitrite  and  Hydrochloric  Acid, 

The  solution  of  nitrous  acid  was  prepared  in  the  usual  manner  by 
the  decomposition  of  recrystalKsed  silver  nitrite  with  a  slight  defi- 
ciency of  hydrochloric  acid,  and  the  liquid  filtered  from  the  precipi- 
tated silver  ohloride  into  the  decomposition  flask.  The  amount  of 
nitrous  acid  waa  determined  at  the  end  of  fixed  intervala  of  time, 
generally  half  an  hour,  and  the  results  calculated  on  the  hypothesis 
that  the  volume  of  the  liquid  was  maintained  constant  throughout 
the  course  of  the  experiment. 

In  the  following  table  the  results  obtained  ore  set  forth,  in  which 
T  is  the  time  from  starts  and  C  the  concentration  of  the  solution. 
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Series  XXIII. 

Volume  of  solution  =  60  c.c.    Temperature,  24**-9+0'l. 

Ratio  of  nitrous  to  nitric  acid  =  1  :  3*86. 


T. 

C. 

T. 

C. 

/ 

gram. 

/ 

gram. 

0 

0-3068 

120 

0-2306 

30 

0  -2793 

150 

0-2180 

60 

0  -2559 

180 

0-2017 

90 

0-2413 

210 

0  1890 

These  results  are  expressible  by  the  formula 

log(T+0+logC  =  logA;, 

in  which  T  is  the  time  from  start,  and  t  an  interval  of  time  which 
would  have  elapsed  from  the  moment  at  which,  conditions  remaining 
otherwise  the  same,  the  amount  of  nitrous  acid  was  infinitely  gn^^at, 
namely,  C  =  oo,  and  that  moment  at  which  the  experiment  was 
actually  commenced,  C  is  the  concentration,  and  ^  is  a  constant. 

In  the  above  series  the  value  for  t  is  taken  as  320',  and  in  the  table 
below  are  given  the  values  for  log  (T-f  ^),  log  c,  and  log  h. 


log(T  +  0. 

logC. 

log*. 

2-5051 

T-4861 

1*9912 

2-5441 

T-4461 

1-9902 

2-5798 

1-4080 

1  -9878 

2*6128 

1-3826 

1*9953 

2-6335 

T  -3629 

1*9964 

2-6627 

T-3283 

1-9910 

2-6901 

1*3046 

1*9947 

2-7160 

1-2764 

1*9924 

The  values  in  the  third  column  show  great  concordance ;  if  the 
mean  1*992  be  taken  and  the  results  calculated  therefrom,  the  ob- 
served and  calculated  values  for  the  concentration  of  the  nitrous  acid 
will  compare  as  follows : — 


C  (obserred). 

C  (calculated). 

C  (obserred). 

C  (calculated). 

gram. 
0-3063 
0-2793 
0*2539 
0-2418 

gram. 
0-8071 
0-2808 
0-2586 
0-2397 

gram. 
0-2306 
0  2130 
0-2017 
0-1890 

gram. 
0-2285 
0  -2138 
0-2006 
0*1890 
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The  greatest  difference  occnrs  in  the  third  value,  which  is  rather 
less  than  2  per  cent.,  which  can  readily  be  accounted  for  by  errors  of 
experiment  in  dealing  with  a  substance  so  susceptible  of  decomposi- 
tion as  nitrous  acid.  The  curve  which  represents  the  concentration 
of  the  acid  in  terms  of  time  is  a  portion  of  a  hyperbola,  the  differential 
equation  of  which  is 

dC^  -^ 
dT  M' 

which  expresses  the  rate  at  which  equivalent  masses  react,  whether 
it  be  of  the  nitric  with  the  nitrous  acid,  or  the  nitrous  acid  with 
itself;  in  each  experiment  1/M  is  the  amount  of  each  unit  mass 
which  reacts  with  the  other  per  unit  time  when  an  unit  mass  of  each 
substance  is  present. 

If  Clemente  Montemartini's  equation  dcjdT  =  ^C  is  correct,  there 
should  be  two  reacting  substances,  one  of  constant  concentration 
throughout  the  reaction.  It  is,  however,  to  be  observed  that  the 
values  given  for  the  constant  h  in  his  results  differ  widely  among 
themselves,  often  as  much  as  25  per  cent,  between  the  maximum  and 
minimum.  Further,  all  the  results  in  each  set  of  experiments  are 
referred  to  the  first,  the  Go  of  equation  (ii),  though  there  is  no 
especial  reason  that  this  analytical  determination  should  be  more 
exact  than  those  subsequent  to  it.  With  the  general  purport,  how- 
ever, of  Montemartini's  paper  I  cannot  but  completely  agree,  namely, 
that  the  rate  of  decomposition  of  nitrous  acid  is  dependent  upon  the 
tension  of  the  superincumbent  nitric  oxide,  without,  however,  neces- 
sarily committing  oneself  to  the  view  that  herein  is  presented  a  "  true 
case  of  dissociation." 

It  is  worthy  of  remark  that  the  curve  representing  the  decomposi- 
tion of  nitrous  acid  is  exactly  identical  with  that  of  a  previous  case 
of  chemical  change  investigated  by  myself,  namely,  the  decomposition 
of  formic  acid  into  carbonic  oxide  and  water,*  in  which  the  method  of 
observation  was  precisely  the  reverse  of  that  adopted  in  this  research. 
For,  herein,  the  concentration  is  determined  at  equal  intervals  of 
time,  but  in  the  previous  case  observations  were  made  of  the  times 
required  for  equal  diminution  of  concentration.  The  results  of  other 
series  of  experiments  are  given  below,  the  observed  and  calculated 
values  for  the  concentration  of  the  nitroos  acid  being  compared  in 
each  instance. 


•  <  Phil.  Trans.;  I888»  A,  p.  290. 
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Seriea  XXIV. 
Volume  of  Eolntion  =  70  c.c.    Temperatnre,  2b°-o. 


Ratio  of  aitmua  to  nitric  acid  = 

=  1  :  213. 

T. 

C  (obwrred). 

C  (o»loiJated).   (  =  400. 
logi- 1-260. 

gram. 

gram. 

0 

*383 

4448 

ao 

D 

4009 

0 

n 

0 

3916 

0 

8877 

90 

0 

3678 

0 

3640 

120 

0 

S460 

0 

3430 

160 

0 

3S81 

0 

8244 

ISO 

0 

0 

210 

0 

8966 

9 

2924 

S40 

0 

2S36 

0 

2851 

270 

0-2714 

0-S66t                  1 

Volume  of  ■olafcion  =  60  o.o.    Temperatnre,  25''0. 

T. 

0  (obicrved). 

0  (calouiited).  t  -  170. 
iQgt- 0-856. 

gram. 

0 

4157 

BO 

0 

8646 

0 

3606 

60 

0 

3190 

90 

0 

2881 

0 

2774 

0 

2484 

0 

2489 

150 

0 

2381 

0 

8360 

180 

2102 

0 

2209 

810 

0 

1894 

0 

1901 

240 

0  1847 

0-1678                 1 

Volnme  of  RolatioD  =  70  c.o.    Temperature,  24°'6  ±0'1 
Ratio  of  nitrons  to  nitric  Mid  =  1  ;  20*7, 


T. 

C  (obKrred). 

log*-  1-462. 

0-6742 

30 

0 

6262 

0-6270 

60 

0 

6789 

0-5899 

90 

0 

5537 

0  5547 

0 

5265 

160 

0 

E066 

180 

0-4776 

0-4719 
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In  all  the  above  series  of  experiments  tbe  obserred  and  calcniated 
resnlts  are  as  nearly  approximate  as  can  be  expected,  considering  the 
great  instability  of  the  nitrons  acid,  which  is  appreciably  decomposing 
even  in  the  brief  interval  of  time  required  for  the  transference  of  the 
solntion  from  the  decomposition  flask  into  the  potassinm  permangan- 
ate. In  the  last  series  of  experiments  qnoted  above,  in  which  a 
considerable  proportion  of  nitric  acid  was  purposely  introduced,  it  is 
to  be  noticed  that  the  rate  of  decomposition  is  decreased,  even  though 
the  mass  of  nitrous  acid  originally  present  was  greater,  which  should 
of  course  produce  an  exactly  opposite  result.  This  woald,  therefore, 
seem  to  indicate  that  nitrous  acid  is  more  stable  in  the  presence  of 
excess  of  nitric  acid. 


Nitrous  Acid  from  Nitric  Oxide  and  Nitric  Acid. 

Nitric  oxide  gas  was  passed  into  concentrated  nitric  acid  until  a 
deep  green  liquid  was  obtained;  10  c.c.  of  this  were  then  slowly 
introduced  into  aboat  five  times  its  bulk  of  water,  and  the  whole 
volume  finally  made  up  to  100  c.c. 

Series  XXVII. 

Volume  of  solution  =  100  c.c.    Temperature,  27®*7+01. 

Ratio  of  nitrous  to  nitric  acid  =  1  :  10*1. 


T. 

C  (observed). 

0  (calculated),  t  -  860. 

/ 

iptun. 

gram. 

0 

0*8812 

0-8910 

80 

0-8372 

0*8227 

60 

0-7740 

0-7687 

90 

0-7021 

0-6967 

120 

0  0791 

0-6684 

150 

0-6448 

0-6290 

180 

0-5874 

0-5805 

210 

0-5603 

0-5627 

240 

0-5242 

0-5847 

270 

0-4965 

9-5008 

The  curve  representing  the  course  of  decomposition  of  the  nitrons 
acid  obtained  by  this  method  is  precisely  identical  with  that  of  the 
nitrous  acid  £rom  the  silver  nitrite ;  though  the  rate  of  decomposition 
is  somewhat  diminished.  For  if  the  series  above  be  compared  with 
Series  XXV,  which  lasted  for  the  same  duration  of  time,  yet  though 
the  mass  undergoing  change  was  nearly  twice  as  great,  and  the  tem- 
perature 2^  higher,  both  of  which  conditions  would  increase  the  rate, 
yet  there  is  a  difference  of  only  5  per  cent,  in  the  amount  of  nitrous 


48 


Mr.  V.  H.  Veley.     The  Conditions  of  tlie       [June  2, 


acid  which  has  diHappeared  in  the  two  cases.  This  result  oonfinns 
that  of  the  immediately  preceding  series  in  showing  the  increase  of 
the  stability  of  nitrous  acid  in  the  presence  of  nitric  acid. 

Another  set  of  experiments  was  condacted,  the  condition  of  tem- 
perature being  varied. 

Series  XXVIII. 

Volume  of  solution  =  100  c.c.     Temperature,  11°- 1  to  11® '3. 

Ratio  of  nitrous  to  nitric  acid  =  1  :  10' 72. 


T. 

0  (observed). 

0  (calculated),    t  »  860. 
log  *  =  1-8811. 

/ 

gram. 

gram. 

0 

0 -8910 

0  -8823 

30 

0 -8716 

0-85i5 

60 

0-8467 

0-8266 

90 

0-8046 

0-8006 

120 

0-7815 

0-7761 

150 

0 -7595 

0  -7531 

180 

0-7337 

0  -7314 

210 

0-7033 

0  -7108 

240 

0  -6769 

0-6914 

270 

0  -6710 

0-6739 

800 

0-6454 

0-6537 

A  third  set  of  experiments  was  also  conducted  at  a  higher  tempera- 
ture, other  conditions  remaining  the  same. 

Series  XXIX. 

Volume  of  solution  =  100  c.c.     Temperature,  31^*2. 
Ratio  of  nitrous  to  nitric  acid  =  1  :  10*13. 


T. 

C  (obserred). 

0  (calculated),  t  -  880. 
log  Ar  -  1-3268. 

/ 

gram. 

g^m. 

0 

0-6565 

0-6432 

80 

0-6030 

0-5898 

60 

0*5542 

0  5443 

90 

0-4939 

0  -4712 

150 

0-4451 

0  4422 

180 

0-4169 

0-4162 

210 

0-3970 

0-8930 

240 

0-3545 

0-3720 

270 

0  3344 

0-8538 

On  a  comparison  of  the  results  set  forth  in  the  three  preceding 
series  of  experiments,  it  appears  that  the  velocity  of  decomposition  of 
nitrous  acid  is  an  exponential  function  of  the  temperature,  the  former 
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increasing  in  geometrical  as  tHe  latter  increases  in  arithmetical  pro- 
portion.    This  relation  may  be  expressed  by  the  equation 

that  is  to  say,  the  difference  of  the  logarithms  of  the  amounts  of 
nitrons  acid  decomposed  at  the  end  of  a  given  interval  of  time  will  be 
constant  for  a  constant  difference  of  temperature.  This  is  rendered 
evident  by  the  following  comparison : — 


Series. 

(I) 
(II) 

(III) 


Temp. 
11-2° 

Feroentai^e  loas 
after  270*. 

2400 

Logarithms. 
1-3802 

27-7 

4301 

1-6334 

31-2 

49  09 

1-6909 

The  logarithmic  differences  for  1°  are  therefore  : — 

From    (I)  and  (III) 00153 

„        (I)     „     (II) 0-0154 

„     (II)     „    (III) 00167 


Mean 001 58 

The  rate  of  chemical  decomposition  of  the  nitrous  acid  is  therefore 
practically  doubled  for  every  20°,  which  would  give  a  constant 
logarithmic  difference  of  0-0151  for  every  degree.  In  this  respect 
this  change  resembles  another,  otherwise  totally  different  from  it, 
namely,  that  between  marble  and  hydrochloric  acid,*  which  varies  by 
a  like  amount  for  equal  differences  of  temperature.  This  relation  is 
also  exemplified  by  another  pair  of  experiments  in  which  20  c.c.  of 
nitric  acid  throagh  which  nitric  oxide  gas  had  been  passed  were 
made  with  water  up  to  a  constant  volume  of  100  c.c. 

Series  XXX. 

Volume  of  solution  =  100  c.c.     Temperature,  21°-8. 
Ratio  of  nitrous  to  nitric  acid  =  1  :  10-2. 


T. 

C  (observed). 

C  (calculated),    t  =  400. 
Const,  log.  =  1-7307. 

/ 

grams. 

grams. 

0 

1  -3247 

1-3451 

80 

1  -2522 

1  2512 

60 

11188 

11175 

90 

10948 

1-0978 

150 

0-9992 

0  -9781 

180 

0  9111 

0  9275 

210 

0-8688 

0  -8799 

240 

0*8254 

0-8405 

270 

0  -7895 

0-8010 

*  Spring,  *  Zeit.  Physikal  Chem.,'  toL  1,  p.  219. 
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Series  XXXI. 

Volume  of  solntioD  =  100  c.c.     Temperature,  31°' 1. 

Ratio  of  nitrous  to  nitric  acid  =  1  :  10*34. 


T. 

0  (obterred). 

T. 

0  (obterred). 

/ 

grams. 

/ 

gram. 

0 

1-4482 

190 

0  -8219 

80 

1-2868 

220 

0-7441 

60 

1*2045 

250 

0  -6495 

90 

10720 

270 

0-6045 

120 

0  -9679 

800 

0-5509 

Percentage  loss  after  270' 

in  series  •  • ,  • . .      58*05 

Do.  do.         ..     40*40 


Logarithm 


t9 


1-76385 
1-60655 


Logarithmic  difference  1  q.ai  gg 

This  difference  is  practically  identical  with  those  given  above, 
though  the  masses  of  nitric  and  nitrous  acids  present  were  twice  as 
great  in  the  latter  as  in  the  former  series  of  experiments. 

Nitrous  Acid  from  Nitrogen  Peroxide  and  Water. 

About  1 — 2  c.c.  of  nitrogen  peroxide  were  slowly  added  to  50  c.c. 
of  water,  the  liquid  being  kept  continually  stirred  ;  after  the  mixture 
had  become  uniform  the  volume  was  made  up  to  100  c.c.  as  before. 
By  this  means  a  dilute  solution  of  nitrous  and  nitric  acids  was  ob- 
tained.    The  method  of  experiment  was  conducted  as  usual. 

Series  XXXII. 

Temperature,  21***8. 

Nitrous  acid  present  after  complete  admixture  =  1*0663  grams. 

Nitric  acid  „  „  =  23544  grams. 

Ratio  of  nitrous  to  nitric  acid  =  1  :  2*12. 


T. 

• 

C  (observed). 

C  (calculated).     /  -  1030. 
Const,  log  »  1  -9819. 

/ 

gram. 

gram. 

0 

0  9181 

0  9292 

80 

0-9151 

0*9040 

60 

0-8952 

0-8801 

90 

0-8597 

0*8560 

120 

0-8378 

0-8341 

150 

0-8171 

0  -8129 

180 

0-7819 

0  -7927 

210 

0  -7618 

0-7718 

240 

0*7588 

0  -7553 

270 

0  -7881 

0*7880 
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The  table  below  contains  the  results  of  another  set  of  experiments 
*with  a  more  dilate  solution. 


Series  XXXIII. 

Temperature,  21***8.     Nitrons  acid  ==  07292  gram. 

1-5457  grams.     Ratio  =  1  :  202. 


Nitric  acid  = 


\ 

T. 

C  (obserred). 

1 

C  (oalouUted).    i  »  500. 
Const,  log.  »  1  -5587. 

/ 

gram. 

g»m. 

0 

0-7292 

0  7247                       1 

dO 

0  6811 

0-6880 

60 

0-6401 

0*6464 

90 

0-6166 

0  -6279 

120 

0*5848 

0-5840                        1 

150 

0  5570 

0*5543 

210 

0*5095 

0-5080                        ' 

240 

0-4856 

0-4892 

270 

0  -4736 

0*4702 

800 

0-4502 

0*4525 

Series  XXXIV. 

Temperature,  31^-8.     Nitrous  acid  =  2*4557.    Nitric  acid  =  2*2571. 

Ratio  of  nitrous  to  nitric  acid  =  1  :  0*93. 


T. 

C  (obBerred). 

C  (oaloulated).    i  -  160. 
Ck>nst.  log  »  1*5692. 

/ 

grams. 

grams. 

0 

2  -2321 

2*8180 

80 

1-9764 

1-9077 

60 

1-6981 

1-6858 

90 

1 -4778 

1*4888 

165 

1-1924 

1-1413 

180 

11081 

1-0987 

210 

0-9986 

1-0024 

240 

0-9010 

0-9271 

The  g^reatest  difference  between  the  observed  and  calculated  results 
is  shown  in  the  first  two  experiments,  but  this  can  in  part  be  accounted 
for  bj  the  di£Eicultj  experienced  in  introducing  the  nitrous  acid  solu- 
tion into  the  permanganate  before  that  some  of  the  liquid  was  pro- 
jected from  the  measuring  vessel  bj  the  rapidly  evolved  nitric  oxide 
gas.  The  above  three  series  of  experiments  show  that  whether  the 
nitrous  acid,  produced  from  nitrogen  peroxide  and  water,  is  of  a 
concentration  of  0*45  per  cent.,  or  five  times  that  amount,  the  rate  of 
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decomposition  is  in  accordance  with  the  mathematical  formulae  given, 
since,  as  it  happened  by  chance,  the  Series  XXXII  to  XXXIV  weru 
continaoQS  as  regards  the  masses  of  nitrous  acid  contained  therein. 

Nitrous  Acid  from  Nitrous  Aimes  and  Water. 

When  nitrous  fumes,  from  arsenions  oxide  and  nitric  acid,  are 
passed  into  water  at  ordinary  temperatui'es  of  12 — 1 5*,  their  absorp- 
tion is  apparently  very  incomplete ;  a  liquid  is  obtained  nearly  colour- 
less, and  containing  I  to  2  per  cent,  of  free  nitrous  acid.  This 
solution  gives  off  bubbles  of  gas  very  freely,  especially  when  poured 
from  one  vessel  to  another,  thus  calling  to  mind  the  behaviour  of 
solutions  of  hydrogen  peroxide.  This  very  rapid  evolution  of  gas 
introduced,  as  explained  above,  unavoidable  errors  in  the  method  of 
experiment  adopted ;  there  is  therefore  not  so  complete  an  accordance 
between  the  observed  and  calculated  values  as  in  the  other  series  of 
experiments. 


Series  XXXV. 

Temperature,  31°* 7.     Nitrous  acid  =  07685  gram. 
0*6753  gram.     Ratio  of  nitrous  to  nitric  acid  : 


Nitric  acid 
1  :  0-88. 


T. 

C  (obserred). 

C  (calculated).     <  =  160. 
Const,  log  =  1  -0927. 

/ 

gram. 

gram. 

0 

0  -7685 

0  -7697 

60 

0  -5665 

0-5628 

90 

0 -4828 

0  -4953 

170 

0-3898 

0  -3752 

200 

0-3501 

0 -3439 

230 

0-3342 

0-3174 

260 

0-2963 

0-2948 

The  rate  of  decomposition  is  nearly  identical  with  that  of 
Series  XXXIV,  conducted  at  the  same  temperature,  and  in  which 
the  ratio  of  nitrons  to  nitric  acid  was  also  nearly  identical. 
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Temperature,  IQ^'S. 
0-3973  gram. 


Series  XXXVI. 

Nitrous  acid  =  1*1789  grams. 
Ratio  of  nitrous  fco  nitric  acid  : 


Nitric  acid 
1  :  0-34. 


T. 


C  (observed). 


C  (calculated). 
Const,  log  - 


t  -  160. 
1  -2661. 


/ 

grams. 

grams. 

0 

1  1789 

1-200 

30 

0-9680 

1-0008 

60 

0'Ub3 

0-8589 

90* 

0-7853 

0-7513 

120 

0-7109 

0-6674 

180 

0-5444 

0-5440 

210 

0-5022 

0  -5022 

9(40 

0  -4703 

0-4624 

270 

0-4317 

0-4294 

300 

0-4068 

0-4008 

It  follows,  therefore,  from  the  experiments  the  details  of  which 
are  given  above,  that  solutions  containing  both  nitrous  and  nitric 
acids,  whether  prepared  from  silver  nitrite  and  hydrochloric  acid,  or 
from  nitric  oxide  and  nitric  acid,  or  from  nitrogen  peroxide  and 
water,  or  from  nitrous  fumes  and  water,  have  this  one  property  in 
common,  that  the  diminution  of  reducing  material,  presumably 
nitrous  acid,  therein  contained,  proceeds  m  accordance  with  the  same 
law.  The  velocity  of  the  change  seems,  however,  to  be  dependent 
rather  upon  the  ratio  of  nitrous  to  nitric  acid  than  upon  the  actual 
masses  of  either  of  them.  But  though  these  solutions  have  this  one 
point  in  common,  yet  in  other  respects  they  differ  most  markedly. 
For  bubbles  of  gas,  namely  nitric  oxide,  are  rapidly  given  off  from 
solutions  prepared  from  nitrogen  peroxide  and  nitrous  fumes,  and  to 
a  less  degree  from  silver  nitrite,  though  solutions  from  nitric  oxide 
and  nitric  acid  do  not  give  off  bubbles  of  gas  in  a  similar  manner. 
Again,  all  my  former  investigations*  have  shown  that,  whereas 
metallic  lead  does  not  readily  dissolve  in  solutions  containing  nitrous 
acid,  and  prepared  from  silver  nitrite,  yet  it  dissolves  very  rapidly  in 
solutions  equally  containing  nitrous  acid,  but  prepared  from  nitrogen 
peroxide  and  water.  The  cause  for  the  similarity  on  the  one  hand, 
and  the  dissimilarity  on  the  other,  must  remain  the  subject  of  a  fuller 
enquiry. 

Oeneral  Conclusions, 

The  main  points  of  this  enquiry  may  briefly  be  summarised  as 
follows : — 

*  '  Soc.  Chem.  Industry  Jl.,'  1891,  p.  129  i. 
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(i.)  Tlie  formation  of  the  impurity  of  nitrogen  peroxide  in  nitric 
acid,  imparting  to  it  the  well-known  yellow  tint,  takes  place  in  the 
case  of  the  more  concentrated  acid,  even  at  a  temperature  of  30°,  and 
of  the  less  concentrated  acids  at  from  100 — ^150*,  even  when  the 
acid  is  not  unduly  exposed  to  sunlight. 

(ii.)  The  reaction  between  nitric  oxide  and  nitric  acid  may  be 
regarded  as  reversible,  thus  : — 

2N0  +  HN0,-|-H,0  :^  3HN0„ 

provided  that  the  acid  be  sufficiently  dilute,  and  the  temperature 
sufficiently  low.  Under  these  conditions  equilibrium  is  ostablibhed 
between  the  masses  of  nitric  acids  when  the  ratio  of  the  former  to 
the  latter  is,  roughly  speaking,  as  9  :  1.  The  actual  ratio  varies 
slightly  on  the  one  side  or  the  other,  according  to  the  conditions  of 
the  experiments.  With  more  concentrated  acids  and  at  higher 
temperaturei^  the  chemical  changes  taking  place  are  more  compli- 
cated, and  the  decomposition  of  the  acid  more  profound. 

(iii.)  The  decomposition  of  eolutions  containing  both  nitric  and 
nitrous  acids  is  also  investigated  ;  the  rate  of  the  change  is  shown  to 
be  proportional  to  the  mass  of  the  nitrous  acid  undergoing  change. 
The  curve  representing  the  amount  of  chemical  decomposition  in 
terms  of  the  mass  present  is  shown  to  be  hyperbolic,  and  illustrative 
of  the  law 

(Ty,dG  _        C« 

^*^5T""       M* 

This  holds  good,  whatever  be  the  method  employed  for  the  produc- 
tion of  the  nitrous-nitric  acid  solution. 

The  observed  values  for  G  or  the  concentration  of  the  nitrous  acid 
are  concordant  with  those  calculated  according  to  the  above  diffei- 
ential  equation  within  the  limits  of  experimental  error. 

The  rate  is  dependent  upon  the  ratio  of  the  masses  of  the  nitrous 
and  nitric  acid,  being  the  more  rapid,  the  greater  the  proportion  of 
the  former  to  that  of  the  latter. 

In  the  particular  case  of  the  liquid  prepared  from  nitric  oxide  and 
nitric  acid,  wherein  the  reproduction  of  solutions  of  similar  concen- 
tration presents  less  difficulty,  it  is  shown  that  as  the  temperature 
increases  in  arithmetical  the  rate  of  change  increases  in  gecmetricul 
proportion,  in  accordance  with  the  equation 

(IT.)  r,  =  r,A;<^-'i>, 

the  value  for  h  being  0*0158. 

Finally,  though  the  nitrous-nitric  acid  solutions  behave  in  a  similar 
manner  as  regards  the  diminution  of  the  mass  of  the  nitrous  acid, 
yer,  in  other  respects,  such  as  evolution  of  gases  and  the  action  upon 
metals,  they  are  dissimilar. 
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In  conclusion,  I  would  express  mj  obligations  to  Mr.  W.  Esson  for 
assistance  in  the  mathematical  portion  of  the  paper,  and  to  my 
colleagues  for  suggestions  made  in  the  course  of  the  investigations. 


VII.  **  On  the  Theory  of  Electrodynamics,  as  affected  by  the 
Nature  of  the  Mechanical  Stresses  in  Excited  Dielectrics. 
By  J.  Larmor,  M.A.,  Fellow  of  St.  John's  College,  Cam- 
bridge. Communicated  by  Professor  J.  J,  Thomson,  F.R.S. 
Received  April  25,  1^92. 

I.  A  theory  of  electrodynamics  was  first  precisely  developed  by 
Kazwell,  which  based  the  phenomena  on  Faraday's  view  of  the 
play  of  elasticity  in  a  medium,  instead  of  the  conception  of  action  at 
a  distance,  by  means  of  which  the  mathematical  laws  had  been 
primarily  evolved.  The  electromotive  equations  of  Maxwell  how- 
ever involve  nothing  directly  of  the  elastic  structure  of  this  medium, 
which  remains  wholly  in  the  background.  They  involve  simply  the 
assumption  of  a  displacement  across  dielectrics  with  such  properties 
as  to  make  all  electric  cui'rents  circuital ;  all  the  equations  of  Atnp^re 
and  Neumann  for  closed  or  circuital  currents  have  then  a  universal 
validity,  and  no  further  hypothesis  is  required  for  the  full  develop- 
ment  of  the  subject. 

The  theory  was  next  discussed  by  Helmholtz  in  his  memoirs  on 
electrodynamics,  in  a  way  which  took  direct  advantage  of  the  picture  of 
a  polarised  dielectric  supplied  by  Mossotti's  adaptation  of  the  Poisson 
theory  of  induced  magnetisation.  Stated  absolutely,  this  simply 
builds  upon  the  assumption  that  at  ecah  point  in  the  excited  di- 
electric there  is  something  which  has  the  properties  of  a  current 
element  (electric  transfer  or  displacement),  which  is  represented  both 
in  direction  and  magnitude  by  the  electric  force  at  the  point  multi- 
plied by  a  constant  factor;  no  more  general  starting  point  seems 
possible  for  an  isotropic  dielectric.  The  development  of  this  hypo- 
thesis, exactly  on  the  analogy  of  a  similar  discussion  with  the 
Poisson-Mossotti  phraseology  in  a  previous  paper,*  leads  to  the 
necessity  of  recognising  the  existence  of  absolute  electric  charges  on 
the  faces  of  an  excited  condenser ;  so  that  the  exciting  current  causes 
the  accumulation  of  these  charges,  and  therefore  is  not  circuital  or 
solenoidal.  This  defect  of  circuital  character  however  practically 
disappears  in  the  limiting  case  when  the  constant  ratio  of  the  polar- 
isation to  the  electric  force  is  extremely  great ;  and  then  the  theory 
becomes  a  concrete  illustration  of  the  general  statements  of  Maxwell 
with  respect  to  electric  displacement. 
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It  was  shown  in  the  paper  above  referred  to  that  this  hypothesis, 
adopted  by  Helmholtz,  led  by  itself — without  any  necessity  for  farther 
assumptions  which  its  author  introduced  on  various  grounds — to  the 
undnlatory  propagation  of  electromotive  disturbances  across  dielectric 
media,  with  the  same  transverse  type  of  waves  as  constitute  light. 
There  will  usually  be,  in  addition,  a  disturbance  of  a  gi^on'-compres- 
sional  character,  which,  on  the  more  special  hypothesis  of  Helmholtz, 
is  also  propagated  as  a  wave  of  permanent  type,  but  with  different 
velocity.  The  electric  undulations  of  transverse  type  have  been 
detected  by  Hertz ;  and  the  balance  of  evidence,  from  the  experiments 
of  different  authors,  seems  to  point  to  the  conclusion  that  their 
velocities  in  different  media  are  inversely  as  the  square  roots  of 
the  specific  inductive  capacities.  Should  this  be  fully  verified,  it 
would  follow  demonstratively  that  the  Helmholtz  hypothesis  must  bd 
restricted  to  the  special  form  which  represents  the  Maxwell  di.splace- 
ment  theory ;  and  the  general  equations  of  electrodynamics,  or  rather 
the  electromotive  part  of  them,  will  be  definitely  established. 

2.  The  object  here  proposed  is  to  pass  on  from  the  electromotive 
to  the  ponderomotive  properties  of  the  electric  field,  and  examine 
whether  the  latter  lend  any  strength  to  the  conclusions  derived  from 
the  former.  Instead  of  a  kinetic  phenomenon  like  undulatory  propa- 
gation, we  shall  now  consider  the  static  phenomena  of  the  stress 
produced  in  the  material  of  a  dielectric  by  its  excitation ;  and,  to 
avoid  the  complexity,  both  optical  and  mechanical,  introduced  by  the 
elasticity  of  solids,  we  shall  consider  solely  liquid  dielectrics,  on 
which  a  very  valuable  series  of  experiments  has  been  made  by 
Quincke.*  The  mechanical  stress  in  a  fluid  depends  on  one  variable, 
the  intensity  of  the  hydrostatic  pressure,  and  therefore  may  be  con- 
nected immediately  with  the  distribution  of  the  energy  in  the  medium, 
by  means  of  the  principle  of  work. 

The  arguments  for  the  actual  existence  of  a  stress  of  the  Maxwell 
type  may  be  exhibited  in  a  synthetical  manner  as  follows : — Consider 
a  condenser  formed  by  two  closed  conducting  sheets,  one  inside  the 
other;  and  imagine  the  equi potential  surfaces  to  be  traced  in  the 
excited  fluid  dielectric  between  them.  It  is  a  matter  of  experimental 
knowledge  that  there  is  a  traction  on  each  face,  acting  inwards,  and 
equal,  at  any  rate  approximately,  to  KF'/Sir  per  unit  surface,  where 
F  is  the  electric  force.  Now  the  electric  potential  and  therefore  the 
state  of  the  dielectric  fluid,  will  be  in  no  wise  altered  if  we  imagine  a 
very  thin  stratum  along  one  of  the  equipotential  closed  surfaces  to 
become  conducting.  There  will  therefore  be  a  normal  traction  given 
by  the  same  formula,  on  each  element  of  area  of  this  surface.  If  this 
traction  is  an  affair  transmitted  across  the  medium,  the  transmitting 
stress  must  be  a  tension  KF^/8ir  along  the  lines  of  force.     To  form  an 

*  '  Wiedeinatm*8  Innalen,'  vol  19,  1883. 
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opinion  as  to  whether  a  medium  transmitting  stress  in  this  way  conld 
be  imagined,  let  as  suppose  the  dielectric  divided  into  thin  layers, 
like  those  of  an  onion,  by  much  thinner  conducting  sheets,  which 
coincide  with  the  eqaipotential  surfaces.  The  potential  will  not 
thereby  be  altered;  if  we  run  a  tabe  of  force  across  the  dielectric, 
eqaal  and  opposite  charges  will  reside  on  the  portions  of  the  two 
faces  of  each  sheet  intercepted  by  it.  The  layers  of  dielectric  will  be 
electrically  independent  of  each  other,  being  separated  by  conducting 
layers.  Each  dielectric  layer  will,  therefore,  form  a  condenser,  and 
the  energy  of  its  electrification  per  unit  surface  will  be  K(^V)'/83r^,  or 
KF'^/8«r,  where  t  is  the  thickness  at  the  point,  and  ^Y  the  difference 
of  potential  between  the  faces ;  that  is,  there  will  be  a  distribution  of 
energy  KF*/8ir  per  unit  volume.  The  resultant  traction  on  both 
the  equal  and  opposite  charges,  each  c  per  unit  area,  on  the  two  faces 
of  a  layer  of  dielectric,  will  be  normal  to  the  layer,  and  equal  to 
^a(dFldn)Bn  per  unit  surface;  now,  by  Green's  form  of  Laplace's 

equation,   —  =  ^\ — I — )»   "w^er©   ^u  R2   are   the  radii    of    prin- 
dn  \Ri     Ra/ 

ipal  curvature  of  the  sheet;  thus  the  traction  is 1  _.-|-_ V     By 

the  theorem  of  surface  tension,  this  normal  traction  will  produce  and 
be  balanced  by  a  uniform  surface  tension  along  the  sheet,  of  intensity 
F^^/i/8ir,  or  'P^JSv  per  unit  thickness.  In  this  laminated  medium, 
owing  to  the  attraction  across  the  layers  of  very  small  thickness,  we 
have  thus  set  up  a  tension  KF^/Stt  along  the  lines  of  force,  which 
by  reaction  on  the  medium  produces  a  pressure  uniform  in  all  direc- 
tions round  the  lines  of  force,  of  the  same  numerical  value.  Or, 
again,  we  might,  following  Maxwell,  postulate  that  the  stress  system 
in  the  medium  must  be  symmetrical  round  the  lines  of  force,  and 
deduce,  by  the  condition  of  internal  equilibrium,  that  the  tension  and 
pressure  of  which  it  must  thus  consist  are  equal.  A  spherical  system 
will  form  a  simple  illustration,  capable  of  elementary  treatment. 

The  fact  that  the  surface  of  a  dielectric  liquid  like  petroleum  is 
raised  up  by  attraction,  towards  an  electrified  body  brought  near  it, 
also  affords  evidence  that  this  tension  must  exist.  Consider  two 
horizontal  condenser  plates,  one  inside  the  petroleum  and  the  other 
over  its  surface  in  air.  When  the  condenser  is  charged,  the  surface 
of  the  fluid  rises  between  the  two  plates.  There  must,  therefore,  be 
some  traction  acting  on  it  upwards  to  sustain  it  against  gi'avity. 
The  intensity  of  this  traction  is,  in  fact,  according  to  Maxwell's  law, 

( ^  J)  that  is,  —  (i__  )  where  F  is  the  electric  force  in  the 

Sw    8«r\K/  Sw\      K/ 

air;  being  positive,  it  acts  upwards,  in  accordance  with  the  actual 
phenomenon.  Without  the  assistance  of  a  traction  of  this  kind,  the 
&ct  would  be  unexplained,  unless  by  assuming^  \iivtiVi  '&5^\x^0s^.^^ 
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the  existence  of  a  guan- magnetic  polarisation  of  tbe  elements  of  the 
medium ;  that  would  lead,  on  the  interface  between  two  media,  to  an 

uncompensated  sheet  of  poles  of  density  — ^ Fi Fi,  subject 

4ir  4«r 

to  a  mean  force  K^i+^>)  >  ^  t^^X^  as  EiFi  =  E^tFa,  the  traction  would 

F*  /       1  \ 
be  (Fi*— Fj')/8ir,  or,  in  the  example  chosen  above,  — (l— iPa)*     ^^® 

discrepancy  between  these  values  might,  perhaps,  be  amenable  to 
experiment;  but  I  find,  on  trial,  that  the  difficulty  of  obtaining  a 
clean  unelectrified  surface  is  not  easily  overcome. 

The  observation  of  Faraday,  that  short  filaments  of  silk  or  other 
dielectric  material  suspended  in  a  fiuid  dielectric  set  themselves 
along  the  lines  of  force  when  it  is  excited,  is  also  evidence  of  actual 
internal  polarisation  related  to  the  lines  of  force. 

For  the  case  of  a  fluid,  the  Faraday-Maxwell  stress  is  made  np  of  a 
hydrostatic  pressure,  KF^/8  ^r,  which  is  consistent  with  simple  fluidity, 
together  with  a  tension  KF'/49r  along  the  lines  of  force,  which 
requires  for  its  maintenance  qualities  other  than  those  of  isotropic 
mechanical  fluidity. 

3.  The  polarisation  theory,  in  the  form  of  Mossotti  and  Helmholtz, 
which  locates  part  of  the  electrification  in  a  displacement  existing  in 
the  elements  of  the  dielectric,  and  part  of  it  in  an  absolute  electric 
charge  situated  on  the  platea  of  the  condenser  the  cause  of  that  dis- 
placement, is  the  representation  of  a  wider  theory  which  supposes 
the  electrostatic  energy  to  be  in  part  distributed  through  the  di- 
electtic  as  a  volume  density  of  energy,  and  in  part  over  the  plates  as 
a  surface  density.  If  experiment  show  that  the  latter  part  is  null, 
we  are  precluded  from  imagining  any  superficial  change  on  the 
plates  which  has  a  separate  existence,  and  is  not  merely  the  aspect 
at  one  end  of  the  displacement  across  the  volume  of  the  dielectric. 
We  shall  find  reason  to  conclude  that  there  is  no  superficial  part  in 
the  distribution  of  energy ;  this  would  carry  the  result  that  the  ex- 
citation of  a  condenser  consists  in  producing  a  displacement  across 
the  dielectric  which  just  neutralises  the  charge  conducted  to  the 
plates ;  it  would  also  carry  the  result  that  all  currents,  whether  in 
conductors  or  in  dielectrics,  must  flow  in  complete  circuits,  and 
would  thei-efore  confirm  the  Maxwell  theory  of  electrodynamics. 

The  conclusion  that  the  location  of  all  the  electrostatic  energy  in 
the  dielectrics  involves  that  all  currents  flow  in  complete  circuits 
seems  of  importance  sufficient  to  justify  a  few  remarks  on  the  nature 
of  the  evidence  on  which  it  is  based.  The  only  precise  notion  or 
illustration  of  the  nature  of  the  dielectric  polarisation  which  has  yet 
been  advanced  is  that  of  Poisson,  which  has  been  at  various  times 
used  and  developed  by  Mossotti,  Faraday,  Thomson,  and  Helmholtz. 
It  might  be  held  merely  on  general  grounds  that  it  gives  a  correct 
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formal  view  of  the  phenomenon,  though  the  dynamical  machinery  of 
which  it  represents  the  action  is  quite  nnknown.  Bat  this  presnmp. 
tion  is  very  much  strengthened  by  the  fact  that  the  displacement  or 
>  polarisation  is  known  to  present  qualitatively  the  properties  of  a  true 
current,  and  also  that  the  theory  of  dielectric  propagation  developed 
from  this  basis  presents  all  the  general  analogies  to  light  propagation 
that  have  been  experimentally  confirmed  by  Hertz  and  others. 
Taking  it  then  that  dielectric  polarisation  is  formally  of  this  type, 
the  absence  of  a  sensible  absolute  exciting  charge  on  the  bounding 
plates  will  show  that  it  must  be,  so  to  speak,  self-excited,  that  it  is 
of  the  formal  character  of  a  displacement,  of  something  pushed  across 
from  one  plate  towards  the  other  like  an  incompressible  substance. 

4.  Let  us  confine  our  attention  for  definiteness  to  the  case  of  two 
metallic  plates  immersed  horizontally  near  together  in  an  extended 
mass  of  a  fluid  dielectric,  so  as  to  form  a  condenser.  The  traction  T 
per  unit  area  on  the  upper  plate  may  by  this  arrangement  be  directly 
weighed.  Suppose  that  there  is  a  small  aperture  in  the  centre  of  the 
upper  plate  through  which  a  volume  of  a  different  dielectric,  say,  a 
bubble  of  air,  may  be  introduced  between  the  plates,  so  as  to  form  a 
flat  cylinder  co-axial  with  the  plates  and  bounded  above  and  below 
by  them.  The  extra  pressure  P  in  this  air  bubble,  when  the  con- 
denser is  excited,  may  be  measured  by  a  manometer  in  connexion 
with  it,  and  it  will  give  the  means  of  determining  the  pressure  in 
the  surrounding  liquid  dielectric^  This  arrangement  describes  in 
fact  the  plan  of  Quincke's  experiments. 

At  a  point  in  the  dielectric  where  the  electric  force  is  F,  the 
electric  pressure  will  be  proportional  to  F*,  say,  AJP  for  the  liquid, 
and  AiF*  for  the  air.  The  air  column  in  the  manometer  tube  would 
thus  be  in  internal  equilibrium  with  an  electric  pressure  AJ<  next 
the  liquid  and  null  at  the  manometer  end.  We  might  at  first  glance 
infer  that  under  these  circumstances  the  pressure  AiF*  is  not  indi- 
cated by  the  manometer,  which  would  thus  record  simply  the  electric 
pressure  in  the  liquid.  But  this  air  pressure  is  an  internal  stress ; 
the  equilibrium  of  any  section  of  the  air  column  requires,  in  order  to 
maintain  it,  the  electric  pressure  against  it  of  the  air  on  the  other 
side  of  that  section ;  therefore,  the  indication  of  the  manometer  really 
gives  the  differential  effect  AsFs'— AiFi'. 

Let  now  the  volume  energy  of  the  electrification  be  GtF*  in  the 
liquid,  and  GiF*  in  the  air,  each  per  unit  volume ;  and  let  the  energies 
of  such  real  surface  electric  distributions  as  might  exist  on  the  plates 
in  contact  with  these  dielectrics  be  S,  and  Si  respectively,  each  per 
unit  surface  of  both  plates.  These  surface  energies  would  involve  in 
their  expression  the  electric  potential  as  well  as  the  force.  We  may 
apply  the  principle  of  virtual  work  to  determine  the  relations  between 
the  quantities  thus  defined. 
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S appose  that  the  distance  between  the  plates,  with  no  air  babble 
introdnced,  is  slowly  increased  from  c  to  c  +  ^  against  the  tension 
T3  which  tends  to  draw  them  iy)gether.  The  work  done  against  Ta 
in  raising  the  upper  plute  is  the  only  source  of  the  additional  energy 
of  the  system  which  appears  when  that  separation  is  effected.  Now 
the  value  of  F  is  not  thereby  altered,  as  the  electrification  remains 
constant.  The  yolume  energy  contained  in  a  cylinder  of  the  liquid 
of  unit  sectional  area  is  therefore  changed  from  CJ^c  to  CjF'cCl  +  ^/c). 

The  corresponding  surface  energy  is  changed  from  Sj  to  ^t-^—r-lc. 

Therefore,  by  the  principle  of  work,  Tj  =  CaF'-f -^-. 

Now  suppose  a  large  air  bubble  introduced  between  the  plates ; 
and  suppose  its  volume  to  be  increased  by  bv  owing  to  a  virtual  dis- 
placement produced  by  pressing  in  nK)re  air.  The  virtual  work  P^i; 
so  done  must  be  equal  to  the  increase  of  the  internal  energy  of  the 
system  due  to  the  displacement.  This  increase  may  be  calculated 
from  the  energy  function  of  the  actual  conformation,  not  of  the  dis- 
placed position,  as  internal  equilibrium  subsists;  and  all  considera- 
tions as  to  change  of  intrinsic  energy  may  thus  be  evaded.*  For  a 
babble  of  small  dimiensions  its  surface  would,  in  fact,  be  increased  by 
the  supposed  displacement,  and  so  there  would  be  an  increase  of 
intrinsic  capillary  energy ;  with  surface  tension  t,  radius  a,  and  a 
semicircular  meniscus  irc,  there  would  be  an  increase  of  amount 
2  jr*CT^a,  that  is  wrclvja.  Again,  the  electric  forces  Fi  and  Fa  in  the  two 
media,  measured  not  close  up  to  the  meniscus^  are  equal,  because  the 
plates  are  each  at  uniform  potential.  Close  to  the  centre  of  the 
meniscus  they  are  both  tangential  to  it,  and  must  also  be  equal  on  the 
two  sides.  But  along  the  slope  of  the  meniscus  they  are  oblique  to 
it  and  are  unequal,  their  relation  being  determined  on  the  ordinary 
theory  by  the  continuity  of  the  normal  component  induction  and  of 
the  tangential  component  force.  Thus  the  difference  of  electric 
pressure  across  the  meniscus  will  vary  from  point  to  point  of  it,  and 
its  form  will,  therefore,,  be  slightly  altered  by  the  electrification.  It 
follows  from  the  observations  of  Quincke  and  others  that  its  capillary 
constant  will  not  thereby  be  altered,  as  waa  to  be  expected  because 
there  is  no  extra  supply  of  molecular  surface  energy.  There  is  also 
the  alteration  ol  intrinsio  energy  due  to  the  fact  that  the  expansion 
of  the  air  bubble  altera  the  electric  force.  But,  according  to  the 
principles  just  stated,  these  changes  of  intrinsic  energy  balance  each 
other,  because  all  the  parts  of  the  medium  are  in  internal  equilibrium. 
We  may  therefore  consider  the  annular  mass  between  two  ideal 
coaxial  cylindric  surfaces  at  a  distance  from  the  meniscus,  one  in  the 

*  For  applications  of  this  principle,  cf.  Heknholt£, '  Wied.  Ann.,'  toI.  13,  p.  388; 
and  Kirchhoff, '  Wied.  Ann.,'  toI.  24,  p.  57. 
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bnbble  and  one  in  the  liquid,  and  reckon  the  change  in  the  energy 
contained  in  the  space  originally  occupied  by  this  annnlas,  when  it 
receives  a  small  displacement  oatwards  from  the  axis  nnder  the  action 
of  the  manometer  pressare  P.  That  change  is  —  (Cj— COF'^^r,  where 
F  is  the  electric  force  at  a  distance  from  the  meniscns.  Therefore, 
by  the  principle  of  virtual  work,  P^— (0,— Ci)F'5t;  =  0,  so  that  P  = 
(C,-COF«. 

The  valne  of  the  traction  between  the  two  plates  in  air  is  given  by 

//^ 
this  formula  as  Ti  =  CiP-f  — p-^ :  this  most,  therefore,  be  the  same  as 

dc 

the  well- ascertained  experimental  valne  Y^/Stt.  Now  the  experiments 
of  Qnincke  and  others  on  liquid  dielectrics  have  given  reason  to  be- 
lieve that,  within  the  limits  of  experimental  uncertainty  due  to  want 
of  purity  of  the  materials  and  other  causes,  Tj  =  P-f  F'/Sxr.  It  fol- 
lows that  we  must  have  d^jdc  =  d^ijdc ;  that  is,  d^jdc  must  be  the 
same  for  all  media,  which  is  physically  consistent  only  with  the  non- 
existence of  this  surface  energy,  unless  we  can  suppose  it  to  be  the 
energy  of  an  action  at  a  distance  which  is  independent  of  the  inter- 
vening medium  altogether. 

The  argument  may  also  be  expressed  somewhat  differently  as  fol- 
lows : — The  plates  of  the  condenser  being  supported  independently, 
the  existence  of  an  extra  pressure  on  the  dielectric  when  the  con- 
denser is  excited  bhows  that  part,  at  any  rate,  of  the  electric  energy 
resides  in  the  dielectric.  That  part  must,  on  any  view,  either  of 
action  by  contact  or  of  gwaw- magnetic  polarisation,  be  proportional 
to  the  square  of  the  electric  force  at  the  point,  which  is  in  fact  con- 
firmed by  the  experiments  of  Silow  on  a  quadrant  electrometer  with 
its  needle  immersed  in  a  dielectric  liquid  filling  the  quadrants.  If 
this  were  the  whole  of  the  electric  energy,  the  traction  between  the 
plates  would  be  equal  to  the  hydrostatic  pressure  in  the  dielectric,  or 
at  most  differ  from  it  by  an  amount  which  woald  be  the  same  for  all 
media.*  If  this  were  only  part  of  the  electric  energy,  the  difference 
would  depend  on  the  other  superficial  part.  The  experiments  show 
that  for  a  large  number  of  liquids  the  difference  is  very  nearly  the 
same,  so  that  if,  after  Quincke,  we  suppose  it  to  be  null  for  air  or 
vacuum,  it  is  null  for  all  the  others.f  Hence  either  the  superficial 
energy  must  be  absolutely  independent  of  the  nature  of  the  dielectric 

*  Cf.  J.  HopkinsoD,  *  Koj.  Soc.  Proc./  1886,  p.  453,  for  the  use  of  a  similar 
argument  in  the  converse  manner,  to  show  that  the  tension  and  pressure  must  be 
equal ;  but  in  it  the  energy  of  the  polarisation  of  the  medium  is  apparently  not 
sufficiently  traced. 

t  The  results  of  Quincke  are  calculated  so  as  to  give  yalues  for  Kp^  the  inductive 
capacity  deduced  from  experiments  on  fluid  pressure,  and  K«,  the  inductive  capacity 
deduced  from  experiments  on  the  traction  bee  ween  the  plates,  on  the  assumption 
that  the  btress  is  of  the  Faraday-Maxwell  type.  The  foliov^ing  examples  show  the 
order  of  magnitude  of  the  discrepancies — 
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or  else  ifc  mnst  be  non-existent.  The  precise  logical  statement  of 
Quincke's  resnlts  is,  in  fact,  that  the  difPerence  between  the  electric 
stress  in  a  ponderable  fluid  dielectric  K  and  the  electric  stress  in  a 

vacnnm,  in  a  field  of  force  F,  consists  of  a  tension F*  alone  the 

lines  of  force,  combined  with  a  pressure  of  equal  amount  in  all  direc- 
tions at  right  angles  to  them  ;  and  this  is  consistent  with  a  distHbn- 
tion  of  polarisation  energy  in  the  fluid,  added  to  the  electric  energy 
for  a  vacnnm  with  the  same  intensity  of  force,  bnt  not  entering  into 
combination  with  it. 

"Sow  the  propagation  of  electrical  waves  across  air  or  vacuum  shows 
that  even  then,  when  there  is  no  ponderable  dielectric  present,  there 
must  be  a  store  of  statical  energy  in  the  dielectric;  and  this  fact 
appears  to  remove  the  only  explanation  which  seems  assignable  for 
the  division  of  the  energy  into  two  parts,  one  located  in  the  dielectric, ' 
and  the  other  located  on  the  plates  and  Absolutely  independent  of  the 
dielectric,  viz.,  that  the  latter  might  be  the  energy  of  a  direct  action 
across  space  which  is  not  affected  by  the  dielectric.  The  experimental 
facts,  therefore,  so  far  tend  to  the  conclusion  that  at  any  rate  the 
basis  of  electrical  theory  is  to  be  laid  on  Maxwell's  lines,  with  a 
reservation  for  possible  modification  in  the  form  of  residual  correc- 
tions, but  not  for  change  of  principle. 

A  theory  has  been  developed  by  Helmholtz  for  fluids,  and  by 
KirchhoCf,  following  him,  for  solid  dielectrics,  in  which  slight  residual 
differences  between  the  intensities  of  the  tension  and  pressure  may  be 
accounted  for  on  the  supposition  that  the  inductive  capacity,  instead 
of  being  constant,  is  a  function  of  the  electric  force.  This  theory  is 
primarily  expounded  in  terras  of  a  polarisation  scheme,  and  in  so  far 
is  subject  to  the  remarks  of  the  next  section ;  but  it  may  in  the  end 
be  based,  as  Helmholtz  suggested,  on  the  principle  of  energy  applied 
with  the  aid  of  the  ascertained  form  of  the  characteristic  equation  of 
the  potential,  treated  as  a  condition  of  internal  equilibrium.  If  we 
adopt  the  view  that  the  difference  to  be  explained  has  not  certainly 
been  detected,*  this  theory  need  not  here  be  considered. 

Some  of  the  points  in  the   general  treatment  given  above  will 

Etber 4*62  4*66 

Carbon  disulphide 2  *69  2  *75 

Benzol 2*82  2*87 

Turpentine 2 '26  2*85 

Petroleum 2*14  2*15 

The  chief  difficulty  seemed  to  be  to  avoid  conduction,  owing  to  want  of  purity  of 
tbe  dielectric  fluid. 

*  Cf,  Bos,  '*  Inaugural  Dissertation,"  abstracted  in  '  Philosophical  Magazine,' 
February,  1891. 
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also  be  illustrated  by  the  following  brief  discnsion,  which  has  special 
reference  to  the  Mossotti-Helmholtz  polarisation  theory.  In  the 
course  of  it  reasons  will  appear  that  even  the  special  limit  of  that 
theory  which  coincides  with  Maxwell's  as  to  form  mnst  be  abandoned 
as  inconsistent  with  the  dynamical  phenomena,  in  favour  of  a 
theory  of  pure  contiguous  action  or  strain  of  an  incompressible 
lether. 

Without  entering  here  into  detail  as  to  the  general  characteristics 
of  this  kind  of  polarisation,  it  will  suffice  to  point  out  some  of  its 
principal  relations  with  regard  to  which  misconception  is  easy,  and 
also  to  point  out  the  modifications  which  are  necessitated  in  its  usual 
form  by  the  recognition  of  the  discrete  or  molecular  character  of 
the  polarised  elements.  In  the  Poisson  theory  of  induced  magnetism 
the  magnetic  potential  is  the  potential  not  of  the  actual  magnetism, 
but  of  the  continuous  volume  and  surface  distributions  of  ideal 
magnetic  matter  which  Poisson  substitutes  for  it.  The  foraes  on  a 
magnetic  molecule  are  therefore  not  to  be  derived  from  it.*  But  if 
we  imagine  a  very  elongated  cavity  to  be  scooped  out  in  the  medium 
along  the  direction  of  magnetisation,  and  the  molecule  to  be  placed 
in  the  middle  of  the  cavity,  the  forces  of  the  remaining  magnetised 
matter  will  be  correctly  derived  from  this  potential.  This  part  of 
the  forcive  will  thus  be  derivable  from  a  potential  energy  MF  cos  €, 
where  M  is  the  moment  of  the  molecule,  F  the  resultant  force  derived 
from  the  magaetic  potential,  and  €  the  angle  between  their  directions ; 
we  may  thus  consider  a  potential  energy  fanction  IF  cos  c  per  unit 
volume.  We  have  to  add  to  these  forces  the  ones  due  to  the  rejected 
magnetic  molecules  which  lay  in  the  elongated  cavity.  Now  the 
mutual  action  of  contigaous  magnetic  molecules  will  be  of  the  nature 
of  a  tension  along  the  lines  of  magnetisation  and  a  pres.9ure  at  right 
angles  to  them,  as  Helmholtz  remarked  ;t  but  these  stresses  will  not 
necessarily  be  equal  in  intensity  ;  nor  will  they  represent  the  Faraday- 
Maxwell  stress,  since  each  component  is  proportional  to  the  square  of 
the  coefficient  of  magnetisation,  not  to  its  first  power.  In  a  fluid 
medium  these  forces  also  must  be  derivable  from  an  energy  function, 
for  otherwise  the  medium  could  not  be  in  equilibrium  ;  and  the  total 
potential  energy  per  unit  volame  with  its  sign  changed  ia  equal  to  the 
fluid  pressure.    Thus  in  the  polarised  fluid  the  pressure  ia 

|FI+i\P, 
that  is,  i(ic+Xir»)F^ 

*  In  estimating  these  forces  it  is  not  allowable  to  replace  the  molecule  by  its 
three  components  parallel  to  the  axes  in  the  usual  manner.  This  procedure  would 
lead  to  error  if  there  are  electric  currents  in  the  field.  Cf.  Maxwell,  '  Electricity,' 
ed.  2,  vol.  2,  ch.  xi,  appendix  2,  p.  2($2. 

t  *  Wiedemann's  Annalen/  vol.  18, 1881,  p.  388. 
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An  actual  illastration  in  which  the  term  involying  X  is  of  pre- 
doTDinant  importance  is  afforded  hj  a  banch  of  iron  nails  hanging 
end  to  end  from  a  pole  of  a  magnet ;  the  adjacent  nails  hang  on  to 
each  other  lengthways  and  repel  each  other  sideways,  while  the 
action  of  non -adjacent  ones  is  bat  slight. 

In  the  electric  polarisation  theory  the  specific  inductive  capacity 
is  K  =  1  +  4«ric.  The  results  of  Quincke,  above  mentioned,  after  they 
had  been  corrected  for  an  experimental  oversight  in  the  direct  deter- 
minations of  the  values  of  K  by  experiments  on  capacity,  in  accord- 
ance with  a  suggestion  made  by  Uopkinson,*  made  the  electric 
pressure  to  be  KF'/Sw,  consistently  within  the  limits  of  experimental 
error  for  fifteen  different  substances.  Thus,  even  in  the  limiting 
Maxwell  form  of  the  theory,  which  takes  the  absolute  numerical 
value  of  K  to  be  very  great,  this  theory  would  not  fit  with  the 
experiments  unless  \  is  zero.  Even  by  the  purely  mathematical 
device  of  taking  the  polarised  elements  to  be  right  solids  closely 
packed  together,  it  does  not  seen  possible  to  evade  this  argument. 

In  an  actual  fluid  polarised  in  the  above  manner  each  element 
might  on  the  average  be  considered  as  lying  at  the  centre  of  a  cavity, 
a  sort  of  sphere  of  action  within  which  the  other  molecules  in  their 
motions  do  not  approach  it  further.  On  averaging  the  positions  of 
these  surrounding  molecules  during  their  motions  with  respect  to 
the  one  under  consideration,  we  arrive  at  the  conception  of  a  con- 
tinuous polarised  medium  with  a  cavity  in  it  of  the  form  of  this 
sphere  of  action.  If  this  cavity  were  an  actual  sphere,  the  value  of 
\  would  be  ^v;  and  for  cavities  not  very  greatly  different  from  the 
spherical  form,  the  alteration  in  this  value  would  be  insensible. 
Under  no  likely  circumstances  could  the  value  of  \  come  to  be  zero. 

Thus  the  limiting  Helmholtz  polarisation  representation  of  an 
excited  dielectric,  though  complete  as  regards  electromotive  properties, 
would  appear  to  fail  to  include  the  static  ponderomotive  phenomena 
of  electrification,  and  requires  to  be  modified  into  some  more  con- 
tinuous mechanism,  such  as  an  elastic  displacement  in  an  SBther 
loaded  with  the  molecules  of  the  dielectric. 

It  may  be  well  to  remark  that,  on  account  of  the  extreme  smallness 
of  the  magnetic  coefficient  k  for  all  fluids,  its  square  is  of  no  account 
in  comparison,  and  therefore  magnetic  pressures  are  sufficiently  repre- 
sented by  the  simpler  formula  \  icF*,  by  means  of  which  Quincke  has 
measured  the  magnetic  constants  of  various  fluid  media. 

5.  The  principal  conclusions  which  have  been  arrived  at  are  here 
enumerated. 

(i.)  It  is  shown  from  experimental  results  that  the  stress  in  an 
excited  flaid  dielectric  between  two  condenser  plates  consists,  at  any 
rate  to  a  first  approximation,  of  a  tension  along  the  lines  of  force  and 

»  *  Boy.  Soc.  Proc.,'  1886. 
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an  equal  presaare  in  all  directions  at  right  angles  to  them,  superposed 
upon  sach  stress  as  would  exist  in  a  vacuum  with  the  same  value  of 
the  electric  force. 

(ii.)  It  is  shown  from  experiments  that  the  numerical  value  of 
these  additional  equal  tensions  and  pressures  is,  at  any  rate  to  a  first 
approximation,  (K— l)F*/8«r,  where  F  is  the  electric  force,  and  K  the 
inductive  capacity. 

(iii.)  Such  a  distribution  of  equal  tension  and  pressure  is  the  result 
of  a  uniform  volume  distribution  of  energy  in  the  dielectric,  irre- 
spective of  what  theory  is  adopted  as  to  its  mode  x>f  excitation. 

(iv.)  If  we  consider  the  mode  of  excitation  to  be  a  gttan-magnetic 
polarisation  of  its  molecules,  the  numerical  magnitude  of  these  stresses 
should  be 

Stt  \  47r   y 

where  \  is  a  coefficient  which  depends  on  the  molecular  discreteness 
of  the  medium,  and  is  probably  not  very  different  from  the  value  \  rr, 
A  discrete  polarisation  of  the  molecules  does  not  account  for  the 
stress,  so  far  as  this  coefficient  is  concerned. 

(v.)  The  stress  which  would  exist  in  a  vacuum  dielectric  is  cer- 
tainly due  in  part  to  a  volume  distribution  of  energy,  as  is  shown  by 
the  propagation  of  electric  waves  across  a  vacuum.  There  is  thus  no 
reason  left  for  assuming  any  part  of  it  to  be  dne  to  a  distribution  of 
energy  on  its  two  surfaces,  acting  directly  at  a  distance  on  each  other. 
There  is  therefore  ground  for  assuming  a  purely  volume  distribation 
of  energy  in  the  vacuous  space,  leading  to  a  tension  F'/Sff-  along  the 
lines  of  force,  and  a  pressure  F'/Sv  at  right  angles  to  them. 

(vi.)  The  ^tiaW- magnetic  polarisation  theory  rests  on  the  notion  of 
a  dielectric  excited  by  a  surface  charge  on  the  plates,  and  therefore 
involves  a  surface  distribution  of  energy,  except  in  the  extreme  case 
when  the  absolute  value  of  K  is  very  great ;  in  that  case  a  slight 
sarface  charge  produces  a  great  polarisation  effect,  and  in  the  limit 
the  polarisation  may  be  taken  as  self-excited.  Thus  the  absence  of  a 
surface  distribution  of  energy  leads  to  Maxwell's  displacement  theory, 
in  which  all  electric  currents  are  circuital,  and  the  equations  of  electro- 
dynamics are  therefore  ascertained. 

(vii.)  It  appears  that  even  this  limiting  polarisation  theory  must 
be  replaced,  on  account  of  the  stress-formula  in  (iv),  by  some  dynam- 
ical theory  of  displacement  of  a  more  continuous  character. 

6.  We  may  perhaps  attempt  to  form  a  more  vivid  picture  of  the 
interaction  between  sBther  and  matter  by  following  out  the  ideas  of 
Lord  Rayloigh's  version  of  Young's  theory  of  capillarity.  We  may 
conceive  the  compound  medium,  sBther  and  matter,  to  consist  of  a 
very  I'efined  aBthereal  substratum,  in  which  the  molecular  web  ol 
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matter  is  imbedded.  The  range  of  direct  action  between  contignoas 
parts  of  the  SBther  would  be  very  small,  and  that  between  contiguous 
elements  of  matter  largo  in  comparison.  There  exist  distarbances  in 
which  the  matter- web  is  unaffected,  its  free  periods  being  too  slow  to 
follow  them :  these  are  propagated  with  great  velocitj  as  light,  or 
electrical  radiations.  There  are  other  disturbances  in  which  the 
matter-web  is  alone  active;  these  are  so  slow  that  the  astber  can 
adjust  itself  to  an  equilibrium  condition  at  each  instant ;  they  are 
propagated  as  waves  of  material  vibration  or  sound  waves. 

When  a  dielectric  is  excited,  we  find  ourselves  in  the  presence  of  a 
strain  of  an  asthereal  origin  somehow  produced ;  it  would  relax  on 
discharge  of  the  system  with  the  velocity  of  light.  At  an  interface 
where  one  dielectric  joins  another,  the  asthereal  conditions  will  some- 
how, owing  to  the  nature  of  the  connexion  with  the  matter,  only 
admit  of  a  portion  of  the  stress  being  transmitted  across  the  inter- 
face ;  and  there  will  thus  be  a  residual  traction  on  the  interface  which 
must,  if  equilibrium  subsist,  be  supported  by  the  matter- web,  and  be 
the  origin  of  the  stress  which  has  been  verified  experimentally. 
Inside  a  conductor,  the  asther  cannot  sustain  stress  at  all,  so  that  the 
whole  asthereal  stress  in  the  dielectric  is  supported  by  the  surface  of 
the  matter-web  of  the  conductor.  At  such  interfaces  the  aethereal 
part  of  the  distribution  of  energy  in  the  medium  will  be  discon- 
tinuous. 

A  formula  has  been  given  by  Maxwell*  for  the  intensity  of  the 
pressural  force  produced  by  electric  undulations  in  the  asther  striking 
against  a  plate  of  conducting  matter,  a  force  which  has  apparently 
not  been  detected  for  the  case  of  light-waves.  If  the  notions  here 
suggested  have  any  basis,  this  force  may  likely  be  non-existent.  For 
the  pulsations  of  the  asther  at  this  surface  may  be  so  rapid  as  to  pre- 
vent their  energy  being  communicated  to  the  matter- web  of  the 
conductor ;  and  the  energy  will  then  be  scattered  and  lost  instead  of 
appearing  as  energy  of  material  stress.  We  may  take  as  an  illustra- 
tion a  stretched  cord  with  equidistant  equal  masses  strung  on  it,  for 
which  Lagrange  showed  that  if  the  period  of  a  disturbance  imparted 
at  one  end  exceeds  a  certain  limit,  the  disturbance  will  not  be  trans- 
mitted into  the  cord,  but  will  be  eased  off  within  a  short  distance  of 
the  point  of  application.  And  also  in  a  manner  which  forms  a  more 
exact  analogy,  Sir  G.  Stokes  has  shown  that  the  higher  harmonics  of 
a  telegraph  wire  vibrating  in  the  wind  have  their  pulsations  too  rapid 
to  get  a  grip  on  the  air  around  them,  and  their  note  is  therefore  not 
transmitted. 

This  view  would  place  the  electrostatic  and  electrodynamic  forces 
on  matter  on  a  lower  plane,  and  in  the  case  of  rapid  or  sudden 
disturbance  a  niol^  uncertain  one,  than  the  electromotive  phenomena. 

•  *  Electricity,'  §  798. 
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VIII.  *'  On  Current  Curves."  By  Major  R.  L.  HiPPlSLEY,  R.E. 
Communicated  by  Major  MacMahon,  F.K.S.  Receivel 
May  12,  1892. 

[Publication  deferred.] 

The  Society  adjourned  over  the  Whitsuntide  RecesB  to  Thursday, 
June  16. 
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The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

liient.-Col.  Robert  Young  Armstrong,  Professor  John  Ambrose 
Fleming,  Dr.  Robert  Giffen,  Professor  William  Abbott  Herdman, 
Mr.  John  Joly,  Dr.  Joseph  Larmor,  Professor  Lonis  C.  Miall,  and 
Dr.  Augustus  D.  Waller  were  admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read  : — 

I.  "On  a  Multiple  Induction  Machine  for  producing  High- 
Tension  Electricity,  and  on  some  remarkable  Results 
obtained  with  it."  By  the  Lord  ARMSTRONG,  C.B.,  F.R.8. 
Received  May  18,  1892. 

[Publication  deferred.] 


n.  "  On  certain  Appearances  of  Beams  of  Light,  seen  as  if 
emanating  from  Candle  or  Lamp  Flames."  By  the  late 
Professor  JAMES  THOMSON,  F.R.S.  Communicated  by  Lord 
Kelvin,  P.R.S.,  with  an  Introductory  Notice.  Received 
June  10,  1892. 

Ahont  the  end  of  last  Jan  nary,  when  my  brother  was  fnlly  occupied 
in  writing  his  paper  on  the  Trade  Winds  for  the  Bakerian  Lecture,  be 
called  my  attention  to  the  well- known  beams  or  ladders  of  light  seen 
below  or  above  a  lamp  flame  viewed  with  partially-closed  eyelids, 
and  he  gave  mo  verbally  an  explanation  of  the  phenomenon  which 
surprised  me  very  much.  By  some  simple  and  interesting  trials 
with  my  own  eyes,  which  he  explained  to  me  how  to  make,  I  was 
perfectly  convinced  that  his  explanation  was  correct ;  and  believing 
it,  as  I  still  believe  it,  to  be  new,  I  urged  him  to  write  a  short  paper 
on  the  subject  for  the  Royal  Society,  but  not  to  let  it  interfere  with 
his  work  for  the  Bakerian  Lecture ;  and  he  undertook  to  do  so  as  soon 
as  might  be  after  being  freed  from  this  work.  We  hoped,  somewhat 
confidently,  that  he  might  be  able  to  give  the  thus  promised  paper 
before  the  end  of  the  present  session  of  the  Royal  Society.     That 
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hope  has  not  been  fulfilled,  and  I  had  offered  to  the  Secretaries  a 
communication  describing  my  recollection  of  what  mj  brother  had 
told  me,  when  his  son  found  a  memorandum  of  date  18th  October, 
1891,  and  a  little  book  of  notes  of  date  29th  December,  which  tell 
the  storj  better  than  1  could  have  told  it,  and  which,  therefore, 
though  not  completed  in  proper  form  for  publication,  I  now  give  in 
the  unfinished  form  in  which  they  have  been  found,  with  only  a  some- 
what more  clear  drawing,  and  description  of  drawing,  substituted  for 
the  rough  sketch  found  in  his  note  of  date  October  18,  1891. 

Proposed  probable  Paper  for  the  {?)  Society,  by  J.  T.,  "  On  the  Nature 
and  Origin  of  certain  Appearances  of  Beams  of  Light  as  if  emanating 
from  Candle  or  Lamp  Flamss,** 

Description  of  the  Drawing, 

[The  drawing  represents  a  vertical  section  of  the  eye,  eyelids,  and 
watery  prismoids,*  through  FF',  the  axis  of  the  eye.  The  large  num- 
ber of  parallel  lines  outside  represent  rays  of  light  coming  from  a 
flame  several  feet  or  yards  away  in  the  direction  of  F',  to  the  eyelids, 
the  prismoids,  and  the  undisturbed  outer  surface  of  the  cornea  between 
the  prismoids.  The  lines  within  the  eye  below  FF'  represent  the  con- 
vergence to  F,  the  image  of  the  flame,  of  those  of  the  external  rays 
from  the  flame  which  fall  on  the  undisturbed  portion  of  the  surface 
of  the  cornea.  The  lines  within  the  eye  above  FF'  represent  rays  dis- 
turbed by  the  prismoid  of  the  upper  eyelid  which,  incident  on  the 
retina  at  bbb,  give  the  perception  as  if  of  light  coming  from  without 
in  the  direction  of  the  dotted  lines  outside  the  eye.  It  is  this  per- 
ception that  constitutes  the  appearance  of  the  downward  beams  or 
ladders  of  light,  due  to  the  prismoid  of  the  upper  eyelid.  The  rays 
distui'bed  by  the  prismoid  of  the  lower  eyelid,  in  the  position  repre- 
sented in  the  diagram,  are  all  stopped  by  the  lower  part  of  the  iris. 

Looking  now  at  the  diagram,  we  understand  perfectly  that  if,  with 
the  eyeball  and  flame  unchanged,  the  upper  eyelid  be  gradually  raised 
a  little,  the  uppermost  of  the  rays  coming  inwards  from  the  prismoid 
will  fall  on  the  upper  part  of  the  iris  and  will  be  stopped  by  this 
screen.  Thus,  the  length  of  bbb  upwards  from  F  is  diminished,  until 
all  the  beams  from  the  prismoid  are  stopped  by  the  iris,  and  the 
length  of  the  apparent  beams  below  the  flame  correspondingly 
diminishes  to  zero.  When  the  upper  eyelid  is  wide  open  the  flame 
is  seen  without  any  appearance  of  the  beams  below  it.  We  also 
understand  readily  from  the  diagram  how,  if  the  lower  eyelid  is  lifted 
a  little  without  any  change  in  the  position  of  the  upper  eyelid,  beams 
both  above  and  below  the  flame  are  seen.     We  also  conclude  that  if, 

*  The  refracting  watery  liquid  in  the  entrant  oomer  between  lip  of  eyelid  and 
cornea  may  be  called  the  prismoid  or  liquid  prismoid. 


72 


«™o»-     Appearon^  of  Bea„» 
^o^h  Sketch  (imper/ect). 


[June  16, 


1892.]  Light  seen  <u  if  emanating  from  Flames.  78 

with  the  eyelids  fixed  relatively  to  the  head,  the  head  is  moved  while 
the  eyeball  remains  with  its  axis  in  the  direction  of  the  flame,  we 
see  beams  of  light  above  the  flame  when  the  head  is  tnmed  upwards, 
and  beams  of  light  below  the  flame  when  the  head  is  tnmed  down- 
wards. Also  that  if  the  eyelids  are  partially  closed,  as  in  the  diagram, 
beams  will  be  seen  both  above  and  below  the  flame  when  the  head 
carrying  the  eyelids  with  it,  is  tnmed  slightly  np  from  the  position 
shown  in  the  diagram.  Also  that  if  the  eyelids  be  wide  open,  instead 
of  half  closed  as  shown  in  the  diagram,  no  beams,  either  above  or 
below  the  flame,  will  be  seen  when  the  two  eyelids  are  equidistant,  or 
nearly  equidistant,  above  and  below  the  middle  of  the  pupil.  When 
the  head,  with  the  eyelids,  is  turned  downwards,  so  as  to  bring  the 
upper  eyelid  across  the  aperture  of  the  pupil,  beams  of  light  are  seen 
below  the  flame  ;  and  when  the  head,  with  the  eyelids,  is  turned  up- 
wards so  as  to  bring  the  lower  eyelid  across  the  middle  of  the  pupil, 
beams  of  light  produced  by  the  prismoid  of  the  lower  eyelid  are  seen 
above  the  flame.] 

Notes  on  Quasi-Ray  Beams  of  Light  from  Candles,  or  otiier  small 

Luminous  Spots, 

Date  of  Note,  29th  December,  1891. 

I  have  noticed  decidedly  this  morning  to  the  following  efiect : — 

In  some  cases  (the  nature  of  which  I  intend  to  note  further  on)  I 
found  that,  when  seeing  a  small  gas  flame  with  apparent  descending 
tail  (or  quasi-beam  of  rays),  I  could,  by  lowering  the  upper  eyelid, 
cut  off  vision  of  the  flame,  while  leaving  the  tail  visible ;  and,  by  still 
farther  lowering  the  upper  eyelid,  I  could  cut  off  the  upper  part  of 
the  tail,  leaving  the  lower  part,  the  part  remote  from  the  flame,  quite 
visible  as  before.  The  contrast  between  lowering  the  upper  eyelid 
and  lowering  a  screen  (a  card,  for  instance)  in  front  of  the  eye  was 
very  remarkable.  In  the  lowei-ing  of  the  card  or  other  screen,  the 
tail  vanishes  before  the  flame  is  eclipsed  ;  but  in  lowering  the  eyelid 
the  flame  is  eclipsed  first. 

In  some  attitudes  I  could  not  bring  out  these  phenomena.  I  did 
find  them  when  awake  in  bed  early  in  the  morning,  head  on  pillow 
and  light  coming  down  from  a  gas  flame  obliquely  to  the  eye.  Point 
to  which  eye  was  directed  seemed  to  do  best  when  taken  at  an  altitude 
(angular)  somewhat  above  the  gas  flame. 

Afterwards,  this  same  morning,  I  fonnd  I  could  see  the  phenomenon 
when  standing  upright  and  looking  at  image  of  gas  in  mirror.  Bay 
from  image  ascending  obliquely ;  eyesight  directed  above  image  in 
looking-glass. 

Again,  looking  at  a  gas  flame  a  little  above  the  level  of  the  eye^  I 
stood  erect  and  elevated  my  face,  directing  my  eye«\^V>  \a  «^^^  ^^ 
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gas;  then  lowered  the  upper  eyelid  and  saw  the  downward  tail 
remaining  when  the  gas  flame  was  eclipsed  by  the  eyelid.  The 
theory  of  all  this  is  clear  to  me,  and  in  agreement  with  what  I  have 
previously  devised. — J.  T. 

Take  notice  that  to  get  the  phenomena  above  sketched  out  to  show 
themselves,  the  edge  of  upper  eyelid,  where  roots  of  eyelashes  are 
situated,  must  not  shadow  the  prismoid  when  the  eyelid  is  lowered 
enough  to  cover  the  pupil  from  the  direct  rays  of  the  candle  or  gas 
flame.  After  the  candle  is  cut  off  from  the  pupil,  the  direct  rays 
from  the  flame  must  still  be  reaching  the  prismoid.  This,  I  think, 
tallies  with  the  experimental  conditions  under  which  the  tail  was  seen 
when  the  flame  was  eclipsed  by  eyelid. — J.  T. 

P.S. — Same  day,  29th  December.  On  a  little  further  consideration 
I  notice  that  the  elevation  of  the  face  is  of  no  importance.  It  is  only 
the  elevation  of  the  line  of  special  direction  of  the  eyesight  [axis  of 
the  eye]  relatively  to  the  line  from  flame  to  eye  that  is  important. — 
J.  T. 

Notes  on  Quasi-Light  Beams. 

(For  paper.) 

Often  I  fail  to  see  the  apparently  ascending  beam  above  the 
candle  or  gas  flame.  But  I  find  that  by  veiy  nearly  shutting  the  eye 
I  can  see  the  ascending  beam  going  up  v^ry  high  and  the  descending 
one  at  same  time.  On  bringing  my  open  hand  down  from  above  as  if 
to  cut  off  the  ascending  beam  I  see  the  beam  as  if  between  my  eye 
and  my  hand,  and  the  flame  begins  to  be  eclipsed  before  the  beam  is 
cut  off,  or  even  diminished. 

Note  hy  the  President  of  date  June  16. 

I  had  asked  many  friends  well  acquainted  with  optical  subjects 
whether  they  knew  of  this  explanation  of  the  luminous  beams,  and 
all  said  no  until  yesterday  evening,  at  the  soiree  of  the  Boyal  Society, 
when  Professor  Silvanus  Thompson  immediately  answered  by  giving 
the  explanation  himself,  and  telling  me  that  he  had  given  it  to  his 
pupils  in  his  lectures  on  optics,  as  an  illustration  of  a  concave 
cylindrical  lens.  He  did  not  know  of  the  explanation  ever  having 
been  published  otherwise  than  in  his  lectures.  I  have  myself  also 
looked  in  many  standard  books  on  optics,  and  could  find  no  trace  of 
intelligence  on  the  subject.  It  seems  quite  probable,  therefore,  that, 
of  all  the  millions  of  millions  of  men  that  have  seen  the  phenomenon, 
none,  within  our  three  thousand  years  of  scientific  history,  had  ever 
thought  of  the  true  explanation  except  Professor  Silvanus  Thompson 
and  mj  brother. 
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III.  "  Voltaic  Cells  with  Fused  Electrolytes."  By  J.  Brown. 
Communicated  by  Professor  EVBRETT,  F.R.S.  Received 
May  27,  1892. 

In  attempts  to  compare  the  obseryed  electromotive  forces  of 
voltaic  combinations  with  the  theoretical  values  found  by  Thomson's* 
law,  the  discrepancies  observed  in  many  cases,  and  the  difficulties 
experienced  in  ascertaining  their  nature  and  origin,  are  well  known. 
It  is  evident  that,  in  order  to  compare  observations  with  theory,  we 
must  know  exactly  the  facts  on  which  the  theory  is  to  be  founded. 
I.e.,  the  true  nature  of  the  chemical  reaction  in  the  eel],  and  its  rela- 
tion to  the  electric  phenomena  to  be  observed ;  and  for  this  purpose 
simplicity  in  the  construction  of  the  cell  is,  in  the  present  state  of 
knowledge,  almost  a  necessity.  In  many  of  the  cells  that  have  been 
examined  heretofore,  this  condition  of  simplicity  is  not  realised  ;  and 
the  nature  of  the  chemical  action  in  them  is  not  deGnitelj  ascer- 
tainable because  of  the  complicated  nature  of  the  substances  em- 
ployed. I  have  referred  to  this  point  in  the  introduction  to  a  paper 
ou  the  ''R61e  of  the  Cation  in  Voltaic  Combinations ; ''f  and  in  a 
foot-note  on  p.  462,  of  that  paper  I  have  again  referred  to  what  is  a 
very  frequent  cause  of  uncertainty,  viz.,  the  action  of  the  solvent- — 
usually  of  course  water — as  distinct  from  the  dissolved  electrolys- 
able  substances.  This  uncertainty  is  still  more  marked  in  the  case  of 
some  of  Wright  and  Thompson's  experiments,}  where  insoluble  salts 
suspended  in  solutions  were  supposed  to  be  alone  active  to  the 
exclusion  of  both  the  water  and  the  dissolved  substances.  The 
solvent  may  act  chemically  on  the  metals,  and  affect  the  electro- 
motive force,  either  directly  as  an  electrolyte,  or  indirectly  by  the 
formation  of  films  insolnble  in  itself,  which  act  differently  from  the 
metals  or  protect  them  from  chemical  action.  Laurie§  and  Braun|| 
have  respectively  shown  that  the  lowering  of  the  forces  of  aluminium 
and  magnesium  in  aqueous  solutions  is  probably  due  to  such  pro- 
tective films ;  Julius  M.  Werner^  considers  the  cause  of  the  com- 
parative inaction  of  pure  zinc  in  acids  to  be  that,  at  the  moment  of 
immersion,  it  becomes  enclosed  in  a  continuous  film  of  hydrogen 
which  protects  it  from  further  action ;  while  with  impure  zinc  the 
hydrogen  forms  on  the  impurities  only,  leaving  the  zinc  exposed. 

•  *  Phil.  Mag.,'  ser.  4,  toI.  2,  p.  434, 1861. 
t  <  Phil.  Mag./  ser.  5,  vol.  31,  p.  449, 1891. 
X  '  Pbil.  Mag.,'  ser.  5,  toI.  19,  p.  211, 1885. 
§  *  Phil.  Mag.,'  ser.  5,  toI.  22,  p.  218, 1886. 
II  <  Phil.  Mag.,'  Mr.  6,  toI.  27,  p.  209, 1889. 
IT  *  Ber.  Beat.  Chem.  Gesell.,'  rol.  24,  p.  1785. 
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The  probability  of  sacli  actions  does  not,  I  think,  nsnallj  receive 
sufficient  consideration  in  electrochemical  investigations. 

Again  there  is,  in  connection  mth  the  solvent,  the  uncertainty 
whether,  in  calculating  the  mechanical  equivalent  of  the  action  in 
the  cell,  we  should  include  the  heats  of  solution  of  substances  formed 
by  the  action.  Where  the  product  is  easily  soluble,  the  heat  of 
solution  is  probably  adjuvant ;  where  insoluble,  there  is  of  course  no 
heat  of  solution  adjuvant;  where  it  is  soluble  with  difficulty,  the 
heat  of  solution  may  be  partly  or  to  some  unknown  extent  ad- 
juvant. 

The  consideration  of  these  difficulties,  and  especially  the  complica- 
tion probably  caused  by  the  action  of  the  water  on  magnesium  and 
aluminium,  as  mentioned  above,  led  mo  to  the  consideration  of  a 
much  simpler  form  of  cell,  in  which  the  solvent  with  all  its  com- 
plications is  abolished,  and  the  simple  electrolyte  in  the  fused  state 
used  alone. 

The  number  of  possible  combinations  of  this  kind  is  limited  by 
the  considerations  that  the  electrolytes  must  be  fusible  at  reasonable 
temperatures ;  and  that  the  boiling  point  of  any  component  in  a  cell 
must  not  be  below  the  fusing  point  of  the  electrolyte  in  contact  with 
it.  A  few  of  the  haloid  compounds  of  the  metals  are  suitable ;  and 
the  chlorides  were  chosen  to  begin  with,  as  in  some  respects  best 
known. 

The  results  obtained  show  at  all  events  the  direction  in  which  to 
look  for  an  exact  accordance  between  theory  and  experiment. 

I.  Cells  with  Simple  Chlorides. 

The  fcells  were  of  course  of  the  two-fluid  type,  each  metal  being  in 
contact  with  its  own  chloride  only,  while  the  two  chlorides  were  in 
good  contact  with  each  other.  The  type  may  be  represented  for  in- 
stance as 

Zinc  I  ZnClt  |  MgClt  |  Magnesium. 

We  cannot  say  the  fused  electrolyte  is  always  free  from  the  com- 
plication of  dissolved  oxygen,  for  in  some  cases  this  makes  itself 
evident  by  the  formation  of  oxychlorides.  This  very  formation  of 
oxychlorides  may,  however,  remove  the  oxygen  from  the  sphere  of 
action. 

We  must  admit  also  that  in  some  of  the  combinations  tried,  action 
goes  on  with  open  circuit,  since  several  of  the  metals,  notably  iron 
:  and  copper,  were  somewhat  corroded  after  immersion  in  the  fused 
'  salt. 

Farther,  while  the  difficulty  about  the  heat  of  solution  of  the 
nascent  salts  is  avoided,  there  is  a  question  as  to  whether  the  heat  of 
Bolation  of  one  fused  chloride  in  the  other,  i.e.,  the  heat  of  combina- 
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tion  of  the  two  chlorides  with  each  other  affects  the  electromotive 
force  of  the  cell.  It  is  impossible  to  answer  this  question  without 
farther  data  of  varions  sorts.  The  small  irregular  variations  from 
theory  shown  in  the  tables  may  possibly  be  due  to  some  action  of 
this  kind.  The  results  of  experiment  show,  however,  that  these  few 
complications  have  but  a  small  effect ;  very  much  less  than  those  of 
the  aqueous  form  of  cell  with  its  metals  coated  with  oxide  and 
hydrogen  films,  and  its  mixture  of  two  or  more  electrolytes  and  dis- 
solved oxygen,  such  as  might  perhaps  be  represented  as 

Zino  +  ZnO  +  H  |  ZnCl,  +  H2O  +  O  |  MgCl^  +  HsO  +  O  |  MagneBium  +  MgHjOs  +  H, 

which  seems  to  be  too  complicated  for  exact  calculation. 

In  arranging  the  practical  details,  care  was  taken  to  keep  the 
metals  as  clean  as  possible,  the  contacts  good,  the  electrolytes  fused 
but  not  boiling,  and  the  temperatures  fairly  equal  at  the  two  metals  ; 
also  to  prevent,  as  far  as  possible,  the  two  chlorides  from  diffusing 
into  one  another.  After  trying  various  arrangements,  that^of  which 
fig.  1  represents  about  half  the  actual  size  was  adopted. 


Fig.   1 


A  V-tube  A  of  hard  glass,  foi*med  as  shown,  and  supported  by  its 
longer  limb,  contained  one  of  the  chlorides,  in  which  dipped  the 
wire  or  strip  of  appropriate  metal  G.  The  bend  of  this  tube  was 
heated  as  required  by  one  or  two  Bunsen  burners.  Into  the  shorter 
limb  was  inserted  the  other  tube  B,  its  lower  end  contracted  some- 
what, and  filled  with  a  plug  of  asbestos,  to  act  as  a  porous  partition. 
This  smaller  tube  contained  the  second  chloride,  with  its  appropriate 
metal  D.    When  the  metal  represented  by  G  was  fusible  at  Txe^xV^ 
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the  same  temperature  as  its  chloride,  it  was  first  fused  in  the  bend  of 
the  tube  A,  and  then  its  chloride  fused  on  it  in  the  shorter  limb. 
The  melted  metal  was  connected  to  the  Thomson  electrometer  by  a 
wire  of  either  copper  or  iron  dipping  in  it.  When  this  wire  was  of 
copper,  long  contact  with  the  fused  metal  seemed  to  dissolve  it  some- 
what ;  and  a  slight  error  maj  thereby  be  introduced  in  the  cases  of 
tin,  zinc,  and  cadmium ;  but  this  is  probably  not  large  in  any  case. 
For  these  fusible  metals,  a  clay  tobacco  pipe  was  sometimes  substi- 
tuted for  the  tube  A,  the  connecting  wire  passing  through  its  stem. 
When  the  metal  in  the  small  tube  was  of  this  easily  fusible  kind,  it 
was  found  best  to  add  another  asbestos  plug,  as  at  e,  fig.  2,  which 
was  permeated  by  the  chloride  below  it  at  k,  and  supported  the  fused 
metal  g  with  its  connecting  wire/. 

While  all  mixture  of  the  two  chlorides  was  to  be  avoided  as  far  as 
possible,  it  was  considered  especially  necessary  to  keep  the  chloride 
of  higher  combining  heat,  which  to  save  repetition  we  may  call  H, 
from  being  permeated  by  that  of  lower  combining  heat  L,  for  the 
obvious  reason  that,  when  L  mixed  with  H,  its  metal  became  at  once 
reduced  on  the  metal  in  H,  and  the  conditions  were  thereby  altered. 
If,  for  example,  in  the  cell 

Copper  I  Cu,Cl,  |  ZnCl,  |  Zinc 

the  copper  chloride  (L)  difinses  into  the  zinc  chloride  (H),  copper 
becomes  reduced  on  the  zinc,  and  the  electromotive  force  is  lowered. 
To  obviate  or  mitigate  this  difficulty,  the  following  precautions 

were  taken : — The  \/-*^^  -^  ^^^  ^^^  8®*  ^P>  ^^^  ^^^  chloride  fused 
in  it.  When  the  arrangement  was  such  that  chloride  H  was  in  the 
small  tube  B,  this  tube  was  first  held  in  the  Bunsen  flame  till  the 
chloride  fnsed  and  saturated  the  porous  plug  to  the  end  or  nearly  so. 
The  tube  B  was  then  inserted  in  its  place,  any  small  mixture  of  H 
with  L  not  being  considered  of  importance.  If,  on  the  other  hand, 
H  was  in  A,  and  L  in  B,  then  B  was  simply  heated  till  L  was  about 
fusing  point,  and  was  immediately  inserted  in  A,  so  that  H  had  time 
to  soak  up  into  the  plug  before  L  soaked  down. 

The  following  was  the  usual  plan  of  observing  the  electromotive 
force: — As  soon  as  the  electrolytes  were  in  ord«r,  and  the  metals, 
previously  connected  to  the  electrometer,  were  inserted,  the  deflexion 
was  noted  immediately,  and  again  after  about  five  minutes.  The 
metals  were  then,  if  solid,  taken  out,  doineJ,  and  re-inserted,  and 
the  observations  repeated.  In  these  sets  of  observations  the  variation 
from  the  mean  of  any  given  experiment  was  lenK  with  fused  metals 
than  with  solid  metals,  the  latter  being  more  liable  to  surface  altera- 
tions.  The  adopted  mean  of  each  set  was  derived  from  those 
experiments  in  which  the  theoretical  conditions  were  most  strictly 
faJBUed. 
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As  regards  the  qualitj  of  the  substance  used,  the  zinc,  lead,  iron, 
tin,  and  copper,  and  the  chlorides  of  magnesium  and  tin,  were  pur- 
chased as  pure.  The  other  metals  and  chlorides  were  the  substances 
as  supplied  by  the  chemical  manufacturers  under  their  respective 
labels.  In  the  case  of  metals  forming  more  than  one  chloride,  that 
one  was  chosen  in  which  a  chlorine  molecule  CI3  gave  the  highest 
heat  of  combination.  The  corresponding  formulsB  are  stated  in  the 
tables  of  results.    The  heats  of  combination  employed  are  Tbomsen's. 

Table  I  gives  the  results  obtained  with  the  chlorides  of  the  metals 
as  stated,  together  with  the  theoretical  values ;  the  unit  employed 
being  the  electromotive  force  of  a  Daniell  cell,  which  for  the  Daniell 
I  used  may  be  taken  as  about  1*13. 

In  calculating  the  theoretical  value,  it  is  assumed  that  the  reaction 
is  simply  the  substitution,  in  the  double  fluid  electrolyte,  of  the  metal 
with  higher  combining  heat  for  that  with  lower;  and,  therefore,  that 
tbe  theoretical  electromotive  force  is,  according  to  Thomson's  law, 
simply  proportional  to  the  difference  of  their  combining  heats  with 
chlorine,  which  is  the  anion  of  the  electrolyte.  This  difference, 
divided  by  50,130,  the  heat  equivalent  of  a  Daniell  cell,  gives  the 
theoretical  electromotive  force  for  each  pair,  in  terms  of  the  Daniell. 
In  practice,  it  is  more  convenient  to  divide,  once  for  all,  the  heat  of 
combination  of  each  metal  by  the  heat  equivalent  of  the  Daniell.  The 
quotients  thus  found  are  placed  under  their  respective  metals  in  the 
table.  It  seems  possible  that  these  numbers  may  represent  the  true 
differences  of  potential  at  contact  of  metal  and  liquid. 

The  theoretical  electromotive  force  for  any  pair  of  metals  is  then 
given  by  the  difference  of  their  respective  numbers.  In  the  table, 
this  will  be  found  in  heavy  type,  at  the  intersection  of  the  vertical 
and  horizontal  lines  passing  through  any  given  pair  of  metals ;  the 
metal  to  the  right  forming  the  negative  pole  of  the  arrangement. 
Immediately  below  each  theoretical  electromotive  force,  is  placed 
that  found  by  experiment,  being  the  mean  of  the  number  of  sets  of 
experiments  indicated  by  the  figure  in  brackets  below  it.  The  highest 
and  lowest  observed  values  are  stated  to  the  right  and  left  of  it. 

In  this  table  it  will  be  observed  that,  while  the  mean  experimental 
result  for  any  combination  of  the  metals  zinc,  lead,  and  tin  agrees 
fairly  well  with  Thomson's  law ;  those  combinations  in  which  silver, 
copper,  or  cadmium  occur  do  not  exhibit  such  good  agreement ;  and 
closer  examination  shows  that  much  niore  consistent  results  could  be 
obtained  by  applying  a  constant  correction  for  each  metal.  I  have 
determined,  by  a  tentative  process,  the  best  values  for  these  correc- 
tions, and  the  results  are  shown  in  Table  II.  It  is  only  a  question  of 
differences ;  and  if  the  correction  for  cadmium  be  taken  as  zero  the 
corrections  for  all  the  other  metals  will  be  positive.  A  justification 
for  this  selection  of  cadmium  will  be  found  in  a  later  paragrai^K 
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Table  II.— Table  I  modified. 

Zlno  in  ZnOl]. 
1'989  + 0-049  -  1*988 

Oadmiom  in  OdOl^. 

1*86  0*128 

013 

Ij6Cid  in  PbOl). 

1*661  +  0099  »  1*760        0*110         0*288 

014  0-22 

Tin  in  SnO!). 

1*612  +  0*098  »  1*706        0*046         0*166         0*288 

0-06  016  0-31 

Copper  in  Cufiil^. 

1*812  -I-  0*28  »  1*642        0*168         0*208        0*818         0*446 

0-16  0*21  0*81  0-46 

« 

Silver  in  Ag^Oli, 

1*172  +  0-278  »  1*446        0*097        0*260        0*806        0*416         0*648 

010  0-80  0*81  0*89  0*52 

Table  II  shows  these  correctious  applied  to  each  metal,  and  a  com- 
parison of  these  results  with  the  mean  experimental  results,  the  order 
of  arrangement  being  the  same  as  in  Table  I.  It  will  be  seen  that, 
with  two  exceptions,  lead-cadminm  0*03,  silver-tin  0*04,  the  discrep- 
ancy is  always  below  0*03. 

This  is  interesting  so  far  as  it  goes ;  and  the  next  step  is  to  inquire 
if  a  physical  cause  can  be  assigned  for  these  constants.  That  they 
have  their  chief  origin  in  the  high  temperature  at  which  the  experi- 
ments were  made  seems  very  probable.  It  has  been  shown  by 
Gladstone  and  Tribe*  that  in  the  cells 

Silver  |  AgaCl,  |  Silver 
Copper  I  CuaCls  |  Copper 

if  one  of  the  metal-electrolyte  junctions  be  heated  more  than  the 
other,  a  difference  of  potential  between  the  two  metals  is  established, 
and  a  current  may  be  produced  from  hot  to  cold  through  the  electro- 
lyte. I  have  made  similar  cells,  using  V-^^^^b  containing  the  fused 
salts,  with  wires  of  the  appropriate  metals  in  each  limb.  In  the 
copper  cell,  with  one  junction  a  little  above  the  fusing  point  of  the 
double  chloride  CU3CI3KCI  (whose  low  fusing  point  allows  a  greater 
difference  of  temperature  to  be  employed),  and  the  other  junction  at 
a  red  heat,  the  observed  electromotive  force  was  about  0*1  Daniell, 
and  gave  a  strong  current  through  a  low  resistance  galvanoscope, 
which  could  be  reversed  very  prettily  by  simply  moving  the  Bunsen 

•  *  Phil.  Mag./  ler.  5.,  yol.  11,  p.  6O81 1881. 
VOL.  LH.  ^ 
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lamp  from  one  Hide  of  tbe  cell  to  tlie  other.  A  silver  cliloride  cell  of 
the  same  form  gave  a  similar  result.  Lead  was  tested  in  the  fused 
utate  in  two  asbestos-pln^ged  tnbes,  like  B,  fig.  1,  immersed  in  a 
V-tnbe  containing  fnsed  lead  chloride.  The  other  easily  fusible 
metals,  tin,  cadmium,  and  zinc,  were  tested  in  W-shaped  tubes,  open 
at  the  apex  in  the  middle,  for  introduction  of  the  chloride  after  tbe 
metal  had  been  fused  in  the  two  lower  bends.  With  all  the  easily 
fusible  metals,  except  zinc,  the  tubes  were  made  sufficiently  long  to 
allow  the  portion  of  metal  surrounding  the  copper  connecting  wire 
to  remain  solid,  so  as  to  avoid  risk  of  alloying  from  long  fusion  in 
contact  with  the  copper. 

Jn  all  cases,  except  cadmium,  with  which  in  three  carefully-made 
experiments,  I  found  no  decided  effect,  the  hotter  metal  was  found 
to  be  the  negative  pole  of  the  arrangement.  Zinc  was  somewhat 
doubtful,  and  may  have  been  influenced  by  alloying  with  the  copper 
connection. 

To  give  some  idea  of  the  magnitudes  of  the  electromotive  forces  of 
these  thermal  cells,  the  results  of  these  rough  experiments  are  given 
in  column  A  below.  In  column  B  are  the  corrections  employed  in 
Table  II  for  comparison. 

A.  B. 

Silver 007  Daniell        0273 

Copper  010      „  023 

Tin 001       „  0-093 

Lead 0015    „  0099 

Cadmium 000       „  000 

Zinc    002?    „  0-049 

There  is  a  kind  of  rough  correspondence  between  the  numbers  in 
the  .two  columns,  but  the  inexact  nature  of  the  experiments  of  column 
A  precludes  a  strict  comparison. 

I  had  no  means  of  measuring,  otherwise  than  by  rough  estimation, 
the  difference  of  temperature  between  the  two  sides  of  the  cells ;  but 
as  a  mere  approximation  it  might  be  taken  for  tin  as  rather  less  than 
the  difference  between  the  freezing  and  boiling  points  of  stannous 
chloride,  or  say  300**  C. ;  for  zinc  and  copper  it  was  rather  more  than 
this,  and  for  lead  and  silver  less,  as  their  chlorides  are  less  easily 
fusible,  and  the  higher  temperature  was  limited  to  the  softening  point 
of  the  glass  tube. 

Besides  the  experiments  of  Gladstone  and  Tribe  mentioned  above, 
others  bearing  lees  definitely  on  the  subject  have  been  made  by 
Andrews,*  Hankel,t  and  more  recently  by  Mr.  T.  Andrews,^  of 
Sheffield. 

•  '  Phil.  Mag.,'  Ber.  8,  vol.  10,  p.  433,  1887. 
t  '  Pogg.  Ann.,'  vol.  103,  p.  612,  1858. 
t  '  Boy.  8oc.  Proc.;  voL  «a,  ^.  %\^  1S8&. 
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As  regards  these  cnirents  due  to  difference  of  temperatures,  Andrews 
concluded,  from  the  non-corrosion  of  the  platinum  wires  used  by  him, 
that 'the  action  was  in  his  experiments  thermo-electric.  Gladstone 
and  Tribe  state  that  in  their  experiments  "  it  is  difficult  to  imagine 
that  chemical  action  in  any  way  initiates  the  current."  Their  experi- 
ments show  clearly,  however,  that  the  phenomenon  is  of  electrolytic 
nature,  since  the  current  formed  is  accompanied  by  the  solution  of 
metal  at  the  hot  side,  and  its  deposit  in  crystalline  form  at  the  cooler 
electrode.  The  same  effect  was  also  observed  in  my  experiments  with 
copper  in  its  fused  double  chloride  ;  a  large  deposit  of  crystalline 
metal  was  found  on  the  cooler  wire  after  the  current  had  passed  for 
an  hour.  The  action  must,  therefore,  be  of  electrolytic  or  voltaic 
character ;  and  the  application  of  Thomson's  law  to  these  unequally 
heated  cells  would  suggest  that,  with  the  apparent  exception  of 
cadmium,  there  is  an  increase  with  temperature  of  the  heats  of  com- 
bination of  the  metals  with  chlorine,  conjoined  with  a  possible  Peltier 
effect.  Such  a  variation  is,  in  fact,  well  ascertained  in  other  cases  ; 
and  Thomson*  gives  a  formula  for  its  calculation  from  the  specific 
heats  of  the  bodies  involved.  The  want  of  data  for  the  fused  salts 
prevents  its  further  discussion  here. 

Assuming  this  variation  of  the  heat«  of  combination  to  exist,  and 
assuming,  also,  that  the  chemical  energy  is  all  adjuvant  at  the  various 
temperatures,!  we  could  directly  account  for  the  additive  corrections 
empirically  deduced  from  Table  I  and  applied  in  Table  II,  the  num- 
bers in  Table  I  being  founded  on  Thomsen's  heats  of  combination 
obtained  at  18°  to  20°,  while  ray  experiments  were  made  at  tempera- 
tures several  hundred  deg^es  higher.  It  will  thus  be  important  to 
determine  the  temperature  co-efficients  of  these  cells,  and  I  hope  to 
do  so  at  some  futare  time. 

Another  point  demanding  careful  attention  is  the  extent  to  which 
these  cells  are  reversible.  The  following  experiments  bear  on  this 
subject : — 

Two  clay  tobacco  pipes  were  clipped  by  their  stems  in  wooden 
supports,  one  in  each,  and  placed  with  their  bowls  touching  and 
facing  upward?.  One  contained  some  melted  zinc,  and  the  other 
melted  tin,  with  iron  connecting  wires  through  the  stems.  The 
respective  chlorides  were  fused  over  these  metals  and  connected 
together  by  a  bunch  of  asbestos,  a  notch  having  been  cut  at  the  point 

•  *  Thennochem.  Unterauchungen,'  vol.  2,  p.  64. 

t  [This  assumption  is  of  course  provisional.  It  was  necessary  because  of  the 
absence  of  any  investigation  here  as  to  what  part,  if  any,  of  the  energy  is  non- 
adjuvant.  Helmholti  and  other  well-known  authors  have  discussed  this  question 
in  connexion  with  the  ordinary  aqueous  form  of  cell,  but  I  have  not  attempted  its 
investigation  as  yet  in  the  present  case.  When  the  temperature  coefficients  and 
other  data  have  been  obtained  this  may  be  undertaken. — Aug,  2, 1^^.'\ 
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of  contact  of  the  bowls  to  receive  this.  The  bowls  were  covered 
bj  a  porcelain  lid.  The  cell  in  this  form  gave  a  deflexion  on  the 
electrometer  of  43  divisions.  It  was  then  subjected  to  the  following 
consecntive  tests.  The  entries  are  to  be  read  consecutive] j  from  left 
to  right,  the  first  observation  in  the  second  column  being  immediately 
subReqnent  to  the  last  observation  in  the  first  colamn,  and  so  on. 
"  Short  circuited  "  means  that  the  current  of  the  cell  was  passed 
through  a  low  resistance  astatic  galvanoscope,  sending  the  needle  to 
the  stops ;  ''  reversed "  means  that  a  nearly  equal  current,  from  a 
Daniell  cell,  was  sent  in  the  opposite  direction  through  the  cell  under 
examination  and  the  galvanoscope.  After  the  duration  of  either  of 
these  currents  for  the  times  given  below,  the  force  of  the  cell  was 
again  measured  on  the  electrometer,  with  the  results  stated  : — 

Zinc  I  ZnCl,  |  SnCl,  |  Tin. 


Sbort  circaited 

Deflections 

Re  Tersed 

15  sees. 

41 
30  sees. 

41 

80  sees. 

40-5 
30  sees. 

41 

5  min. 

42 
5  min. 

42 

Means. 

41-2 
41-3 

DefiectioDB 

A  similarly  arranged  zinc-lead  cell  gave,  when  set  up,  a  deflection 
of  22,  and  then  the  following  deflections  were  noted,  immediately 
after  the  cell  had  been  either  short  circuited,  reversed,  or  rested  on 
open  circuit,  for  a  period  of  four  minutes  in  each  case,  except  the 
first  two  observations,  which  were  for  one  minute  each. 


Zinc  I  ZnCla  |  PbCl,  |  Lead. 


Short  circuited. . . . 

Reversed 

Rested 

22-5 
20-5 

20-0 
18-5 
18  0 

18  0 
18-5 
17-5 

18-6 
18  0 
18-0 

Means. 

19-75 
18-87 
18-87 

Zinc-silver  and  zinc-copper  cells  were  tested  in  the  form  adopted 
for  the  general  investigation.  The  silver  chloride  was  in  the  tube  B, 
fig.  1,  with  an  asbestos  plug  3  cm.  long,  to  prevent  mixing  of  the 
chlorides  in  the  separate  tubes  during  the  experiment.  The  copper 
chloride  was  in  a  similar  tube,  corked  to  exclude  air.  The  durations  of 
short  circuit,  rest,  and  reversal  were  each  four  minutes,  except  in  the 
second  and  third  observations  with  the  zinc-copper  cell,  in  which 
thej  were  each  one  minute. 
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Zinc  I  ZnGl,  |  Ag,Cl,  |  Silver. 


Short  circuited. . 

Beversed 

Bested 

85*5 
87-5 
86  0 

85 
87 

85*5 
85-5 

87 
86 

84 
87 
8i 

78-5 
81  0 

81 

Means. 

83-7 

86-8 
84-6 

Zinc  I .  ZnCl,  |.  CuCl,  |  Copper. 


Short  circoited 

Bieversed 

48 

49 
46 

55 
46 
44 

44 

41 
43  • 

46*5 
49-0 

50 

Means. 

48-6 
45*8 
460 

1 

Bested 

Except  in  the  zinc-silver  cell,  and  to  a  minute  extent  in  the  zinc- 
tin  cell,  there  is  no  evidence  of  polarisation  hy  reversal.  The  other 
two  cells  show  the  remarkable  property  of  possessing  a  ^greater 
electromotive  force  after  short  circuiting  than  before  it ;  and  since 
this  recurs  repeatedly  in  the  observations  on  both  cells,  it  would 
seem  to  be  more  than  accidental. 


II.  Cells  toith  Deuhle  Chlorides, 

As  I  have  already  stated,  the  present  investigation  was  suggested 
by  the  behaviour  of  magnesium  and  aluminium  in  aqueous  electro- 
lytes ;  and  as  a  matter  of  fact  these  metals  were  experimented  on  in 
the  more  complicated  cells  described  below  before  the  simpler  cells  of 
Table  I  were  tried.  Owing  to  the  high  fusing  point  of  magnesium 
chloride,  and  the  volatility  of  the  aluminium  compound,  it  was  incon- 
venient to  work  with  these  chlorides  in  the  fused  state;  and  this 
difficulty  had  to  be  surmounted  by  employing  the  double  chlorides  of 
magnesium  and  potassium,  and  of  aluminium  and  sodium.  A  similar 
method  was  adopted  with  ferrous  chloride,  which  is  infusible  by 
itself. 

It  may  be  objected  that  this  method  introduces  a  solvent,  the  very 
complication  which  it  is  desired  to  avoid,  since  potassium  chloride 
may  be  looked  upon  as  the  solvent  of  the  other  chlorides.  But  in 
comparing  fused  potassium  chloride  with  water  as  a  solvent  of 
chlorides,  there  are  two  important  differences,  (i)  With  potassium 
chloride,  the  anion  is  the  same  as  that  of  the  dissolved  substance, 
while  with  water  it  is  not.  (ii)  The  heat  of  combination  K,  Gl  is 
greater  thaa  that  of  any  of  the  other  chlorides  X,  CI  dissolved 
in  it  in  these  experiments ;   therefore  the  metal  X  when  imx&fi^x%^4 
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in  the  double  salt  does  not  decompose  tbe  potassium  chloride,  but 
only  reacts  with  its  own  chloride.  Hence  we  have  grounds  for 
assuming  that  potassium  chloride  remains  practically  inert,  so  far 
as  concerns  any  direct  chemical  action  between  it  and  the  metal 
immersed.  The  potassium  chloride  is,  however,  active  in  another 
way,  viz.,  in  combining  with  the  various  metallic  chlorides  to  form 
their  doable  salts ;  and  the  heat  of  this  combination  should  no  doubt 
be  taken  into  account.  Unfortunately,  the  heats  of  formation  of 
these  double  salts  appear  to  be  unknown.  If  they  are  nearly  equal, 
so  that  their  differences  are  small  in  comparison  with  the  whole  heat 
equivalent  of  the  cell,  their  effect  will  be  negligible.  A  comparison 
of  Tables  I  and  II  shows  that  this  is  probably  so,  but  naturally  the 
results  of  these  experiments  with  double  salts  cannot  be  compared 
with  theory  quite  so  satisfactorily  as  those  with  simple  chlorides. 

In  any  given  experiment  the  two  chlorides  employed  should  be  either 
both  double  or  both  single,  to  avoid  the  complication  which  would 
otherwise  be  introduced  by  the  formation  of  a  double  salt  on  one  side 
aiid  not  on  the  other.  In  the  preliminary  stage  of  this  work,  some 
experiments  were  made  without  observance  of  this  rule,  and  the  dis- 
cordant results  obtained  showed  that  it  cannot  be  disregarded.  It 
was  therefore  necessary  to  form  double  chlorides  for  all  the  metals 
employed  ;  and  the  combinations  whose  formulae  appear  in  Table  III 
were  found,  either  by  reference  to  the  books  or  by  experiment,  to  be 
suitable. 

The  experiments  were  carried  out  in  the  same  way  as  the  first  set, 
and  the  results  are  given  in  Table  III,  where  for  magnesium,  iron, 
and  aluminium,  they  are  stated  in  the  same  form  as  in  Table  I.  For 
the  other  metals,  only  single  observations,  as  a  rule,  were  made,  for 
Ci'mparison  with  Table  I.  The  corresponding  numbers  in  both  tables 
aie  at  least  of  the  same  order  of  magnitude,  the  difference  only  in 
one  case  appearing  in  the  first  decimal  place. 
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While  the  results  in  Table  III  are  naturallj  not  so  regular  as  those 
in  Table  I,  most  of  tbem  are  nearer  the  theoretical  values  than  those 
of  the  same  combinations  in  aqueous  solutions.  In  this  respect  the 
results  for  cells  in  which  magnesium  or  aluminium  is  concerned  are 
particularly  striking.  For  comparison  I  take  the  following  numbers 
(in  Yolts)  for  metals  in  aqueous  solutions  of  their  chlorides,  from 
Wright  and  Thompson;*  Braun,t  has  found  a  similar  discrepancy 
for  magnesium  in  aqueous  cells,  and  attributes  it  to  hydrogen  de- 
posited on  the  magnesium. 


Wright  and  Thompson. 

Metals  in  aqueous 

solutions  of  their  chlorides. 

Metals  in  fused 
chlorides.    GDable  III. 

Calc. 

Obs. 

Diff. 

Calc. 

Obs. 

biff. 

Magnesium  |  sine 

Magnesium  |  tedmium  . . 

Aluminium  1  zinc 

Aluminium  |  cadmium   . . . 

1-684 
2  000 
1-008 
1-874 

.0  -702 
1-080 
-0-280 
0  05 

0-982 
0-970 
1-288 
1-824 

107 
115 
0-20 
0-28 

0-87 
1-17 
0  17 
0-44 

0-20 
-003 

003 
-0  16 

A  still  closer  agreement  between  the  obseryed  and  theoretical 
numbers  for  the  metals  in  Table  III  is  produced  by  the  application  of 
empirical  corrections,  as  in  Table  lY ;  and  these  are  of  a  similar  order 
of  magnitude  in  the  two  tables,  except  in  the  case  of  zinc. 

On  testing  iron,  aluminium,  and  magnesium  for  electromotive  force 
due  to  difEerence  of  temperature,  iron  was  found  to  behave  like  copper, 
the  hot  metal  being  the  negative  pole.  Aluminium  in  its  doable 
chloride  with  sodium  gave,  at  first,  a  strong  similar  effect ;  but  after 
some  twenty  minutes — when  a  dark  deposit,  which  appeared  to  con. 
tain  lead,  carbon  and  iron  reduced  by  the  immersed  metal,  had  ceased 
to  separate,  and  the  liquid  bad  become  colourless  and  clear — the  effect 
ceased.  It  may  have  been  due  to  impurity  in  the  chloride.  With 
magnesium  I  could  not  detect  any  electromotive  force  due  to  difference 
of  temperature.  Therefore,  considering  the  uncertainty  introduced 
by  these  irregularities,  and  the  complication  introduced  by  the  use  of 
double  salts,  cadmium  has  been  allowed  to  remain  as  the  zero  of  the 
scale  of  corrections,  as  in  Table  II. 

My  experiments  were  carried  out  in  the  laboratory  of  Queen's 
College,  Belfast,  and  I  am  much  indebted  to  Professor  Everett  for 
permission  to  work  there  and  for  the  use  of  his  electrometer  and 
other  apparatus.      I   am   also  indebted  to   Professors  Everett  and 

•  *  Phil.  Mag./  ser.  6,  vol.  19,  pp  211,.218,  1885. 
t  *  Wied.  Ami.,'  vol.  16,  p.  578, 1882, 
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G.  F.  Fitzgerald  and  to  Mr.  J.  Larmor  for  several  important  sugges- 
tions. 

Since  writing  the  above,  my  attention  has  been  called  to  a  paper  by 
L.  Poincar6,*  "  Sur  les  Piles  k  Electrolytes  Fondas  et  sar  les  Forces 
Thermo-^lectriques  k  la  Surface  de  contact  d'an  M6tal  et  d'nn  Sel 
Fondu.'*  M.  Poincar6  has  measured  the  thermo-electric  actions  in 
one  or  two  thermo-cells  similar  to  those  which  I  have  described,  and 
finds  the  following  thermo-electromotive  forces  for  a  difference  of  l** 
between  the  two  metal  electrolyte  junctions,  the  sign  being  that  of 
hotter  pole  : — 

Silver  in  silver  nitrate —000027    volt. 

Zinc  in  zinc  chloride -f  O'OOOl'S       „ 

Tin  in  stannous  chloride. . . .         0'000028     „ 

The  sign  for  tin  does  not  appear  to  be  given ;  that  for  zinc  is  the 
reverse  of  my  result.  M.  Poincar6  has  also  measured  the  electro- 
motive force  of  one  voltaic  cell  with  fused  electrolytes, 

Zinc  I  ZnCla  |  SnCl,  |  Tin, 

and  finds  it  to  be  0*335  volt.  My  result,  in  Table  I,  when  reduced 
to  volts,  is  0*350.  He  finds  for  the  value  just  after  solidification  of 
the  electrolyte,  0*37  volt,  and  considers  that,  in  order  to  obtain  the 
true  heat  equivalent  of  a  cell  with  fused  electrolytes,  the  latent  heat 
of  fusion  of  the  salts  used  should  be  deducted  from  Thomson's  heats 
of  combination  for  the  solid  salts.  There  would  appear  to  be,  on 
theoretical  grounds,  some  doubt  on  this  point.  It  could  be  experi- 
mentally tested  more  definitely  if  data  for  these  heats  of  fusion  were 
available. 

Synopsis. 

In  instituting  a  comparison  of  the  observed  electromotive  forces  of 
cells  with  their  theoretical  values,  as  given  by  Thomson's  law,  the 
simpler  the  construction  of  the  cell  the  more  easy  is  it  to  ascertain 
the  nature  of  the  chemical  action  going  on  in  it,  upon  which  the  cal- 
culation rests. 

In  cells  with  aqueous  electrolytes,  the  solvent  introduces  several 
irreducible  complications,  arising  from  possible  action  of  the  solvent 
itself  as  an  electiolyte,  from  the  formation  of  insoluble  films  (either 
inactive  and  protective  as  oxides,  or  active,  as  hydrogen),  or  from 
the  uncertainty  of  calculations  involving  heats  of  solution  of  the  pro- 
ducts of  voltaic  reaction. 

When  the  liquidity  of  the  electrolyte  is  produced  by  fusion  instead 

^  '  Comptes  Bendus,'  vol.  110,  p.  389, 1890. 
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of  solution,  these  complications  are,  to  a  large  extent,  avoided ;  and, 
as  a  matter  ot  experiment,  two  fluid  cells  made  np  of  metals  immersed 
each  in  its  own  fused  chloride,  give  results  nearer  the  theoretical 
values  than  those  obtained  with  aqueous  solations.  This  is  specially 
noticeable  in  the  case  of  metals  with  high  heats  of  oxidation  as  in  the 
case  of  magnesium  and  aluminium. 

The  electromotive  forces  of  cells  containing  pairs  of  the  metals, 
tin,  lead,  and  zinc,  come  out  nearest  to  the  theoretical  values.  The 
other  metals  which  were  tried  did  not  give  so  close  an  agreement, 
but  can  be  brought  into  agreement  by  applying  constant  corrections, 
one  for  each  metal ;  and  reasons  are  given  for  attributing  these 
corrections  to  the  high  temperatures  of  the  cells  as  compared  with 
the  temperatures  for  which  the  recoguised  heats  of  combination  are 
true. 

Four  of  the  cells  were  tested  by  passing  currents  through  them  in 
both  directions  alternately,  and  noting  the  electromotive  force  after 
the  passage  of  each  current.  Polarisation  was  observed  to  a  small 
extent  in  one  case — zinc-silvery  in  tlie  others  it  was  practically 
absent 


IV.  "  The  Physiological  Action  of  the  Nitrites  of  the  ParaflBn 
Series  considered  in  connexion  with  their  Chemical  Consti- 
tution. Part  II.  Action  of  the  Nitrites  on  Muscular  Tissue 
and  Discussion  of  Results."  By  J.  Theodore  Cash,  M.D., 
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(Abstract.) 

Continuing  the  examination  of  the  physiological  action  of  various 
pure  organic  nitrites  of  the  paraffin  series  (Part  I ;  *  Roy.  Soc.  Proc.,* 
1891),  the  authors  have  studied  their  effect  on  striated  muscular 
tissue.  When  the  vapours  of  these  nitrites  come  into  contact  with 
the  muscle  a  paralysant  effect  is  observed.  All  the  experiments 
were  made  with  the  triceps  and  gastrocnemius  of  Bana  temporaria. 
The  muscle  was  contained  in  a  specially  constructed  air-tight 
chamber,  which,  whilst  it  admitted  of  connexion  being  made  between 
the  muscle  and  the  recording  apparatus,  rendered  it  possible  to  bring 
into  contact  with  the  muscle  the  vapour  of  a  known  quantity  of  the 
nitrite  without  any  loss  taking  place.  A  very  extensive  series  of 
experiments  was  necessary,  as  it  is  unsafe  to  contrast  the  gastro- 
cnemius of  one  frog  with  that  of  auother,  so  that  the  action  o£  Q^er^ 
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member  of  the  series  of  nitrites  liad  to  <be  contrasted  with  each  of 
the  other  members  on  the  companion  gastrocnemii  of  the  same 
animal,  and  each  experiment  was  repeated  three  times,  and  often 
five  or  six  times.  The  amounts  of  the  nitrites  employed  varied  be- 
tween ^  and  Y^  c.c. 

Several  series  of  concordant  results  have  thus  been  obtained  which 
lead  to  two  different  orders  of  activity,  viz.,  (1)  with  reference  to 
the  extent  to  which  equal  quantities  of  nitrites  shorten  the 
resting  muscle,  and  (2)  with  reference  to  the  rapidity  with 
which  the  shortening  is  produced.  The  order  of  activity  of  the 
nitrites  as  regards  the  extent  of  the  shortening  they  induce  is  as 
follows : — (i)  Iso-butyl,  (ii)  tertiary  amyl,  (iii)  secondary  butyl, 
(iv)  secondary  propyl,  (v)  propyl,  (vi)  tertiary  butyl,  (vii)  butyl 
(viii)  a-amy1,  (ix)  /3-arayl,  (x)  ethyl,  (xi)  methyl.  The  order 
representing  the  speed  with  which  shortening  occurs  is  (i)  methyl, 
(ii)  ethyl,  (iii)  secondary  propyl,  (iv)  tertiary  amyl,  (v)  primary 
propyl,  (vi)  tertiary  batyl,  (vii)  secondary  butyl,  (viii)  «-amyl, 
(ix)  /S-amyl,  (x)  primary  batyl,  (xi)  iso-butyl. 

The  effect  of  these  nitrites  in  interfering  with  the  active  contrac- 
tion of  a  stimulated  muscle  has  also  been  studied,  and  it  has  been 
ascertained  that  very  minute  doses,  insufficient  to  cause  passive  con- 
traction, interfere  in  a  marked  degree  with  the  active  contraction 
and  cause  the  muscle  to  fail  in  responding  to  stimulation,  whilst  the 
companion  mascle,  contained  in  a  closed  chamber  free  from  nitrite 
vapoar,  still  responded  to  stimulation. 

The  remainder  of  the  paper  is  devoted  to  a  disoassion  of  the  con- 
nexion between  the  various  phases  of  physiological  action  and  the 
chemical  constitution  of  the  j^itrites  which  give  rise  to  them.  This 
discussion  cannot  be  adequately  abstracted.  The  principal  conclu- 
sions which  have  been  arrived  at  are  briefly  as  follows: — The 
physiological  action  of  these  nitrites  is  not  solely,  and  in  some  cases 
not  even  mainly,  dependent  on  the  amount  of  nitroxyl  (NOa)  they 
contain. 

In  respect  of  all  phases  of  physiological  activity,  the  secondary  and 
tertiary  nitrites  are  more  powerful  than  the  corresponding  primary 
compounds.  This  is  to  be  chiefly  attributed  not  to  the  direct  physio- 
logical action  of  the  secondary  and  tertiary  groups,  but  to  the  great 
facility  with  which  these  compounds  suffer  decomposition  mainly 
into  the  alcohol  and  nitrous  acid.  In  respect  of  the  acceleration  of 
the  palse,  the  power  of  the  nitrites  is  directly  as  their  molecular 
weight,  and  inversely  as  the  quantity  of  nitroxyl  they  contain.  They, 
therefore,  fall  into  an  order  of  physiological  activity  which  is  identical 
with  that  in  which  they  stand  in  the  homologous  series.  This  same 
relationship,  increase  of  physiological  activity  corresponding  with 
rise  in  molecular  weight,  may  also  be  traced,  though  less  uniformly, 
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in  their  power  of  redaciog  blood-pre^sare,  and  of  indacing  muscnlar 
contraction. 

This  order  appears  to  be  the  result  not  so  mnch  of  the  direct 
physiological  inflaence  of  the  substituted  methyl  groups  as  of  the 
increased  chemical  instability  which  their  presence  confers  on  the 
higher  members  of  the  series.  In  respect  of  the  duration  of  sub- 
norms  1  pressure,  as  well  as  of  the  rapidity  with  which  muscular  con- 
traction ensues,  the  activity  of  the  nitrites  is  expressed  by  au  order 
which  is  for  the  most  part  the  reverse  of  that  representing  their 
power  in  accelerating  the  pulse,  reducing  blood-pressure,  and  con- 
tracting muscular  fibre,  this  order  being  in  general  contrary  to  that 
of  the  homologous  series.  In  these  respects  the  more  volatile  nitrites 
of  low  molecular  weight  which  contain  relatively  more  nitroxyl  are 
the  most  active.  It  appears  probable  that  these  simpler  nitrites 
more  readily  attach  themselves  to  certain  constituents  of  blood  and 
muscle,  and  thus  act  more  qaickly  than  the  higher  compounds,  whilst 
their  greater  stability  causes  their  effects,  i.e.,  reduction  of  blood- 
pressure,  <fec.,  to  endure  for  a  greater  length  of  time  than  that  of  the 
higher  and  more  easily  decomposed  bodies. 

A  large  proportion  of  an  organic  nitrite  is  changed  into  nitrate  in 
its  passage  through  the  organism,  and  is  excreted  as  an  alkali  nitrate 
in  the  urine. 

The  results  which  have  been  gained  by  this  research  have  an  im- 
portant bearing  on  the  therapeutic  employment  of  the  nitrites. 
It  is  proposed  elsewhere  to  consider  what  the  outcome  of  this 
investigation  is  for  practical  Ubedicine. 


V.  **  On  the  Efitimation  of  Uric  Acid  in  Urine :  a  New 
Process  by  means  of  Saturation  with  Ammonium  Chloride." 
By  F.  GowLAND  Hopkins,  B.Sc,  Gull  Research  Student  at 
Guy's  Hospital.  Communicated  by  Dr.  Pyb  Smith,  F.RS. 
Received  May  30,  1892. 

'  The  process  to  he  described  depends  upon  the  following  facts : — 

1.  Ammonium  urate  is  wholly  insoluble  in  saturated  solutions  of 
ammonium  chloride. 

2.  If  solutions,  such  as  urine,  which  contain  the  mixed  urates  of 
difEerent  bases  be  saturated  with  ammonium  chloride,  the  large 
mas8-inflaence  of  the  latter  ensures  the  rapid  and  complete  conver- 
sion of  all  the  uric  acid  into  biurate  of  ammonium,  which,  in  accord- 
ance with  (1),  is,  pari  passu,  thrown  out  of  solution.  In  the  case  of 
urine,  saturation  with .  ammonium  chloride  is  followed  by  a  complete 
precipitation  of  the  uric  acid  present  in  the  course  of  two  hours  at 
most. 
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It  lias  long  been  known  that  ammonia,  and  salts  of  ammonia,  will, 
after  long  standing,  so  completely  precipitate  the  nric  acid  from 
urine  that  subsequent  treatment  with  acids  produces  no  further  pre- 
cipitate (Wetzlar,  *  Beitrage  zur  Kenntniss  des  menschliohen 
Hams,'  Frankfurt  a.M.  1821,  p.  19).  Fokker,  moreover,  observed 
that  when  a  solution  of  any  urate  is  made  alkaline,  and  then  mixed 
with  a  solution  of  ammonium  chloride,  the  uric  acid  slowly  separates 
out  as  the  biurate  of  ammonia.  Upon  this  observation  the  well- 
known  Fokker-Salkowski  process  is  based. 

But  the  crucial  fact  that  saturation  with  the  ammonium  chloride 
renders  the  separation  rapid  and  absolutely  complete  does  not  seem 
to  have  been  previously  observed.  The  importance  of  this  fact  in 
any  attempt  to  estimate  uric  acid  by  means  of  its  separation  as 
ammonium  urate  will  be  seen  when  it  is  iiemembered  that,  hitherto, 
in  all  such  processes  a  large  correction  has  to  be  made  to  allow  for 
incomplete  separation,  even  after  long  standing.  In  the  Fokker- 
Salkowski  process,  for  instance,  the  factor  which  has  to  be  added  to 
the  result  amounts  to,  at  least,  25  per  cent,  of  the  total  variable  dealt 
with,  a  necessity  which  would  seem  to  render  the  process  of  little 
8cienti6c  value  (vide  Fokker,  Pfluger's  *  Archiv,'  vol.  10,  p.  157, 
1876;  Salkowski,  Virchow's  *  Archiv,'  vol.  68,  p.  401,  1876).  In 
the  method  about  to  be  described  no  such  correction  is  necessary. 

The  following  experiments  with  pure  urates  will  show  the  complete 
separation  of  ammonium  urate  which  occurs  after  saturation  with  the 
chloride. 

In  each  case  pure  uric  acid,  prepared  by  means  of  the  sulphate, 
was  used.  The  ammonium  salt  precipitated  was  decomposed  by 
means  of  HCl,  and  the  nric  acid  subsequently  washed  and  weighed, 
due  allowance  being  made  for  washings : — 

Uric  acid 
recovered. 

(1.)  One  decigramme  of  uric  acid  dissolved  in 
ammonia,  solution  ndade  up  to  250  c.c, 
saturated  with  ammonium  chloride,  and 
filtered  after  30  minutes '     0'0994 

(2.)  Fifty  milligrammes  dissolved  as  above 
and  made  up  to  150  c.c.  Filtered  after 
15  minutes 0'0502 

(3.)  One  decigramme  dissolved  in  Na2Co8, 
solution  made  up  to  100  c.c.  Filtered 
after  3  hours 0*0986 

(4.)  One    decigramme    dissolved    as   in   (3). 

Filtered  after  4  hours   00990 

The  presence  of  excess  oi  \>aaeB,  ol\ieT  V\idxi  ^xlltclotlv^^  di^Vau^j^  tha 
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precipitation,  but,  as  stated  above,  two  honrs  is  amply  snfficient  in 
the  case  of  urine.     (Vide  note  (6),  infra). 

The  process  of  estimation  in  nrine  may  be  carried  out  as  follows : — 

To  100  c.c.  of  the  nrine,  finely-powdered  pure  ammonium  chloride 
is  added  in  excess,  about  30  grammes  being  necessary.  The  solution 
is  allowed  to  stand  for  two  hours,  with  occasional  stirring,  and  the 
precipitate  then  filtered  off  thronprh  a  thin  filter  paper. 

The  precipitate  is  then  washed  with  a  saturated  solution  of 
ammonium  cbloride.  If  a  few  crystals  of  the  solid  salt  used  for  pre- 
cipitation are  still  undissolved  at  the  time  of  filtration,  it  is  of  no 
disadvantage ;  the  light  flocculent  urate  is  easily  washed  first  on  to 
the  filter,  the  crystals  being  then  dissolved  in  a  minimum  of  distilled 
water  and  used  for  washings. 

After  it  has  been  washed  twice  or  thrice  with  the  saturated 
chloride  solntion,  the  urate  is  wasbed  off  the  paper  into  a  small 
beaker  by  means  of  a  jet  of  hot  distilled  water. 

The  ammonium  urate  is  then  decomposed  by  boiling  with  a  slight 
excess  of  HCl,  the  solution  concentrated,  if  necessary,  and  the  uric 
acid  allowed  to  separate  out.  It  may  be  finally  determined  by  any 
accustomed  method.     (F«?e,  however,  note  (c),  infra). 

Notes. 

(a.)  Tbe  ammonium  cbloride  used  must  bo  pure.  Since  30  grammes 
are  used  to  precipitate  100  c.c.  of  urine,  and  only  some  30 — 40  milli- 
grammes of  uric  acid  finally  weighed,  it  is  obviously  fatal  to  the 
accuracy  of  the  process  if  even  a  very  small  percentage  of  insolu- 
ble matter  is  present  in  the  salt.  In  some  samples,  sold  as  pure,  I 
have  found  appreciable  quantities  of  sand,  and,  in  others,  an  amount 
of  fibre  from  the  filter  used  in  the  preparation  of  the  salt  equal  to 
2 — 3  milligrammes  in  the  30  grammes.  Other  mineral  salts  of 
ammonia  will  precipitate  the  urate  on  saturation,  but  none  are  so 
satisfactory  as  the  chloride. 

(fe.)  The  presence  of  free  ammonia  greatly  accelerates  the  separa- 
tion of  ammonium  urate  after  saturation  with  ammonium  chloride. 

The  addition  of  AmHO  to  urine  obviously  involves  the  separation 
of  phosphates.  But,  if  the  samples  be  first  saturated  with  the 
chloride,  and  the  hydrate  .subsequently  added,  the  separation  of 
urinary  phosphates  is  greatly  modified.  No  gelatinous  precipitate 
comes  down,  but  only  a  small  quantity  of  triple  phosphate  crystals, 
such  as  neither  adds  appreciably  to  the  bulk  of  the  urate  precipitate 
nor  increases  the  difiBculty  of  filtration  (this  is  rendered  evident  if 
the  precipitate  produced  by  AmCl  in  an  acid  urine  be  first  filtered  off 
and  AmHO  added  to  the  filtrate). 

If,  therefore,  time  is  of  special  importance,  AmHO  m^-^  \a  ^*di^ 
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added  after  saturation  with  AmCl.  The  nrate,  phis  pbospliate,  may 
now  be  filtered  off  within  ten  minates,  and  the  nric  acid  liberated  in 
the  usaal  way. 

In  describing  the  process  above,  standing  for  two  hours  is  recom- 
mended where  AmCl  is  added  alone.  In  a  very  large  percentage  of 
urines,  however,  if  not  in  all,  one  hour  will  be  found  enough. 

(c.)  The  final  determination  of  the  separated  uric  acid  may,,  of 
course,  be  carried  out  by  means  of  weighing  on  a  tared  filter  paper, 
or  on  a  Ludwig*8  glass-wool  filter. 

Personally,  however,  I  greatly  prefer  to  filter  the  crystals  through 
a  small  filter  of  the  kind  sold  by  Schleicher  and  Schiill,  and  called  by 
them  "  Gehartete  "  filter  paper.  From  these  the  uric  .acid  may  be 
very  easily  washed,  without  loss,  into  a  weighed  glass  basin.  The 
washings  are  then  evaporated  to  dryness  on  the  water-bath,  the 
residue  dried  at  110^  C,  and  weighed. 

A  Volumetric  Method, — Recent  experience  has  convinced  me  of  the 
utility  of  permanganate  solutions  (vide  Sutton's '  Volumetric  Analysis,' 
4th  ed.,  p.  89)  for  the  accurate  titration  of  urates;  so  much  so 
that  I  believe  uric  acid,  once  separated,  by  any  method,  from  ad- 
mixture with  other  organic  substances,  may  be  better  titrated  than 
weighed. 

At  temperatures  ranging  round  60°  C.  a  perfectly  determinate 
reaction  occurs,  involving  the  instantaneous  decolorisation  of  the 
permanganate ;  and,  though  oxidation  continues  on  standing  greatly 
beyond  the  limits  of  this  reaction,  a  perfectly  definite  end-point  is 
obtainable,  giving  results  which  will  be  found  extremely  accurate. 

The  uric  acid  separated,  as  above,  from  100  c.c.  of  urine  is,  after 
washing,  dissolved  by  warming  with  a  minimum  of  Na,COs.  The 
solution  is  then  cooled  to  about  15*"  C,  made  up  to  100  c.c,  ti*ans- 
ferred  to  a  flask,  rapidly  mixed  with  20  c.c.  of  pure  strong  sulphuric 
acid,  and  then  immediately  titrated  with  one-twentieth  normal  potas- 
sium permanganate  solution.  The  addition  of  20  per  cent,  of  sulph- 
uric acid  produces  just  such  a  temperature  as  is  required  for  the 
reaction.  The  end-point  is  marked  by  the  first  appearance  of  a  per- 
manent pink  flush.  On  standing,  the  colour  continues  to  disap- 
pear, but  this  slow  decolorisation  is  in  marked  contrast  with  the 
instantaneous  nature  of  the  first  reaction.  Careful  experiments  with 
pure  urates  have  convinced  me  that  uric  acid  may  be  thus  estimated 
to  within  less  than  half  a  milligramme. 

One  c.c.  of  twentieth  normal  permanganate  of  potassium,  made  by 
dissolving  1*578  grammes  of  the  salt  in  1  litre  of  distilled  water,  is 
equal  to  0'00375  gramme  uric  acid. 

In  the  '  Guy's  Hospital  Reports '  for  1 891 1  have  described  a  method 
in  which  the  ammonium  urate  precipitate,  obtained  by  saturation 
with  AmCl,  is  directly  titrated  mth  i^rman^nate.    As  this  precipi- 
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tate  always  contains  a  trace  of  pigment,  tbe  results  are  somewhat 
high,  bnt  the  method  will  be  found  sufficiently  accurate  for  clinical 
purposes. 

Evidence  as  to  the  Accuracy  of  the  Ammonium  Chloride  Separation  when 

applied  to  Urine, 

(1.)  After  urine  has  been  saturated  with  the  chloride,  allowed  to 
stand,  as  described,  and  filtered,  uric  acid  cannot  be  detected  by  any 
process  in  the  filtrate. 

(2.)  The  uric  acid  as  weighed  gave  the  following  figures  on  com- 
bustion.    Mixed  residues  from  actual  determinations  were  used : — 

Found. 

f • ^ 

(a.)  (b.)  Theory. 

C 35-460        36-990  35-71 

H 2-561  2-590  2-381 

N 32-400        31-980  333 

The  above  nitrogen  figures  show  some  variation  from  theory,  but  it 
should  be  remembered  that  elementary  analysis  is  a  very  rigorous 
test  when  applied  to  such  unpurified  products.  I  have  never  obtained 
figures  so  near  to  the  truth  from  the  product  weighed  in  the  Ludwig 
process. 

(3.)  Comparison  with  the  standard  Ludwig-Salkowski  process : — 

Series  1. 

Milligrammes  per 
100  c.c. 

f * > 

Ludwig.  AmCl. 

Sample  1  230  230 

2 46-0  490 

„       3 550  57-5 

„       4 59-5  61-5 

„       5 640  68-0 

„       6 80-6  82-5 

Series  2. 

„       7 70-5  71-0 

„       8 64-6  54-5 

„       9   40-5  39-5 

„     10 40-0  40-5 

The  experiments  in  Series  2  will  be  seen  to  afford  nearer  agree- 
ment than  the  earlier  series,  carried  out  before  the  same  amount  of 
experience  had  been  obtained.     The  better  agreement  de^^\A^  ^*dx^\^ 
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upon  the  use  of   a  pnrer  ammonium  chloride,  but  chieflj  npon  a 
precantion  in  Lndwig's  method  to  which  reference  is  made  below. 


Notes  on  other  Processes. 

Haying  regard  to  the  discnssion  at  present  going  on  with  respect 
to  the  whole  question  of  uric  acid  estimation,  it  may  not  be  out  of 
place  to  chronicle  such  experience  of  other  processes  as  has  been 
gained  in  the  course  of  working  out  the  method  just  described. 

In  comparing  the  ammonium  chloride  figures  with  those  of  Lud- 
wig's  process,  the  experiments  marked  Series  1  above  indicated  an 
excess  bj  the  former  method  equal  to  some  3  milligrammes  from  the 
100  c.c.  of  urine.  As  stated  above,  a  part  of  this  excess  was  due  to 
impurities  in  the  ammonium  chloride,  but  it  was  mainlj  due,  I 
believe,  to  a  destimction  of  uric  acid  which  occurs  in  Ludwig's  pro- 
cess when  the  silver  urate  is  treated  with  the  alkaline  sulph-hydrate. 
It  is,  of  course,  well  known  that  uric  acid  is  decomposed  on  heating 
with  caustic  alkalies,  but  it  is  hardly  recognised  with  what  g^reat 
ease  the  decomposition  takes  place.  I  find  that,  on  boiling  50  milli- 
grammes of  pure  uric  acid  briskly  for  five  minutes  with  10  c.c.  of 
Lud wig's  sulphide  solution  (vide  Neubauer  and  Vogel,  '  Analyse  des 
Hams,'  p.  543),  i.e.,  the  amount  used  to  decompose  the  silver  salt 
from  100  c.c.  of  urine,  there  is  always  an  appreciable  loss,  sometimes 
amounting  to  3  milligrammes.  It  is  therefore  obvious  that  even  five 
minutes'  boiling  woald  be  fatal  to  the  accuracy  of  an  estimation.  In 
Series  2  above,  the  silver  compound  was  thoroughly  shaken  up 
with  the  sulphide  in  the  cold,  and  only  just  heated  to  boiling  before 
filtration. 

Mr.  E.  Groves,  B.Sc,  has  recently  described  ('  Journal  of  Physio, 
logy,'  December,  1891)  a  modification  of  Ludwig's  method  which  I 
have  several  times  employed.  Mr.  Oroves  uses  potassium  iodide 
instead  of  the  sulphide  to  decompose  the  silver  urate.  In  my  hands 
the  method  has  always  given  results  which  are  decidedly  too  low, 
owing  doubtless  to  the  action  of  the  liberated  iodine  upon  the  uric 
acid  in  the  acidified  filtrate. 

I  have  performed  a  large  number  of  experiments  with  Haycraft's 
method,  and  have  found  that  results  obtained  by  its  means  are 
invariably  too  high,  while  the  proportionate  error  undoubtedly 
appears  to  be  variable.  This  appears  to  be  the  common  experience. 
My  own  experiments,  however,  lend  no  support  to  the  extraordi- 
narily wide  variations  from  the  truth  which  some  observers,  espe- 
cially in  England,  have  ascribed  to  it.  I  should  put  the  limit  of 
error  at  from  + 10  to  + 15  per  cent. 

In  conclusion,  it  may  be  claimed  for  the  separation  by  means  of 
satar&tion  with  chloride  of  ammonium  tliat  it  yields  results  which 
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are  at  least  as  accurate  as  those  of  Ladwig's  method,  while  it  is  far 
easier  to  carry  ont,  and  occupies  mach  less  time. 


VI.  "  On  the  Potential  Difference  required  to  produce  a  Spark 
between  two  Parallel  Plates  in  Air  at  Different  Pressures." 
By  J.  B.  Peace,  M.A.,  Fellow  of  Emmanuel  College,  Cam- 
bridge. Conmaunicated  by  Professor  J.  J.  Thomson,  F.R.S. 
Received  May  24, 1892. 

Introductory, 

The  following  is  an  account  of  an  investigation  into  the  relations 
between  potential  difference,  spark-leng^,  and  pressure  when  dis- 
charge takes  place  between  two  parallel  plates  in  air.  The  in- 
vestigation was  undertaken  at  the  suggestion  of  Professor  J.  J. 
Thomson,  and  has  been  carried  out  in  the  Cavendish  Laboratory  in 
Cambridge. 

Preliminary  experiments  were  made  in  July  and  Aagnst,  1890, 
in  which  a  small  Wimshurst  machine  was  used,  and  the  potential 
difference  was  measured  by  one  of  Lord  Kelvin's  vertical  electro- 
static voltmeters.  For  sparks  of  some  length  fairly  consistent 
resalts  wei'e  obtained,  but  in  the  case  of  short  sparks  accurate 
measurement  of  the  potential  difference  was  difficult.  Use  was  then 
made  of  a  large  number  of  small  secondary  cells,  and,  at  the  same 
time,  more  accurate  measurements  of  the  spark-length  were  made. 
At  first  about  500  cells  were  used,  so  that  steady  potential  differences, 
A  ranging  up  to  about  1,000  volts,  could  be  maintained,  and  sparking 
d^erences  up  to  about  O'l  mm.  were  examined.  The  results  of  these 
experiments  showed  very  fair  agreement  with  those  of  other  observers ; 
they  were  sufficiently  consistent  among  themselves  to  show  that  the 
cells  could  be  relied  on.  More  cells  were  therefore  set  up,  and  all 
were  carefully  tested  as  to  equality,  rate  of  fall  of  charge,  &c. 

Apparatus  was  then  constructed  by  which  discharge  at  different 
pressures  could  be  examined.  Description  of  this  apparatus,  which 
is  sketched  in  fig.  1,  and  an  account  of  the  method  and  results  of 
observations  made  with  it  in  July  and  August,  1891,  are  given  in 
Part  I  below.  At  first  some  difficulty  was  foxmd  in  making  the  bell- 
jar  and  its  connexions  sufficiently  air-tight,  but  when  this  was  over- 
come an  effect  similar  to  that  observed  by  De  la  Bue  and  Miiller  in 
discharge  in  exhausted  tubes  became  apparent ;  that  is,  it  was  found 
that,  as  the  pressure  diminished,  the  potential  difference  required  to 
produce  a  spark  across  a  given  distance  fell  to  a  minimnm  value,  and 
then  began  to  increase  rapidly.  To  examine  this  effect  more  tvdVj^ 
the  observations  were  confined  to  presaurea  T«Sk!^^  ixotxn  ^^  ^^ 
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300  mm.  of  mercury,  the  water-pump  which  was  used,  and  the 
staffing-box  through  which  the  sparking  distance  was  adjusted,  not 
admitting  of  observations  at  lower  pressures.  The  results  of  these 
observations  are  tabulated  below,  and  appear  in  the  carves  in  figs.  2, 
3,  and  4. 

When  these  results  were  examined  and  compared,  it  was  found 
that  the  curves  connecting  potential  difference  and  pressure  not  only 
exhibited  the  minima  above  mentioned,  but  also  crossed  each  other, 
showing  that  at  low  pressures  the  shorter  spark  required  the  greater 
potential  difference.  As  this  seemed  a  point  of  some  importance,  it 
was  decided  to  make  a  more  direct  investigation,  and  with  this  view 
apparatus  was  constructed  and  observations  made  in  April,  1892. 
This  apparatus  is  described,  and  the  results  obtained  are  recorded  in 
Part  II  below.  The  observations  were  confined  to  pressures  ranging 
from  2  or  8  up  to  50  mm.  of  mercury,  and  the  results  confirmed  and 
extended  those  formerly  obtained. 

Part  I. 

A  sketch  of  the  apparatus  used  is  given  in  fig.  1.  An  inverted 
bell- jar,  communicating  with  a  water-pump,  had  its  mouth  ground 
and  fitted  with  a  brass  cover,  C.  This  cover  carried  the  attachments 
of  the  discharge  plates  P,  P,  and  the  micrometer  screw  S.  The  screw 
had  a  pitch  of  -^  inch,  and  its  head  was  graduated  in  hundredths  of 
a  revolution.  A  short  steel  rod,  fixed  to  the  sliding  frame  of  the 
screw  and  working  through  a  stuffing-box  in  the  centre  of  the  cover 
C,  carried  an  insulating  block,  to  which  the  upper  discharge  plate 
could  be  readily  attached.  The  lower  plate  was  fixed  to  an  ebonite 
disc  which  was  rigidly  suspended  from  the  cover  C.  The  plates  were 
of  brass,  highly  polished,  and  w^e  about  2f  inches  in  diameter.  The 
lower  plate  was  plane,  the  upper  was  slightly  convex,  having  a  radius 
of  curvature  of  about  9  inches.  Short  flexible  wires  passed  from  the 
plates  to  insulated  terminals  passing  through  the  cover.  From  these 
terminals  leads  passed  to  mercury  cups,  M,  by  which  connexion 
could  be  made,  on  the  one  hand  with  the  leads  of  the  telephone  T, 
and,  on  the  other  hand,  with  leads  passing  to  the  secondary  cells  and 
to  the  voltmeter. 

The  cells  were  arranged  in  groups  of  eighteen  in  series;  for 
charging,  the  groups  were  arranged  in  parallel ;  for  spark  discharge 
they  were  arranged  in  series,  while  the  leads  passing  to  M  could  be 
connected  to  the  terminals  of  any  requii^ed  number  of  cells.  In  the 
discbarge  circuit  there  were  also  a  simple  make-and -break  key  and  a 
veij  high  resistance,  the  latter  to  prevent  the  setting  up  of  an  arc 
discharge  between  the  pi  ales.  This  resistance  was  usually  a  black- 
iead  iine  on  a  strip  of  ebonite. 
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The  path  from  the  bell-jar  to  the  pnmp  paaaed  through  ialpharic 
-acid,  and  was  also  conneoted  to  a  mercnrj  gaage,  Q.  Air  conld  be 
Admitted  to  the  jar  through  the  atop-cock  K,  after  passing  through 
cotton  wool  and  sttlphorio  acid. 

The  foUowiiig  wa<  the  n&aal  conrse  of  a  series  of  obserrations : — 
While  the  cells  were  charging,  which  generally  occapied  aboat  one 
half  boor,  the  plates  were  polished  and  fixed  in  position,  the  cover 
fitted  to  the  month  of  the  bell-jar,  and  the  pnmp  put  in  action.  The 
screw  reading  for  contact  of  the  plates  was  taken,  the  apper  plate 
being  moved  downwards  till  contact  took  place  and  completed  the 
telephone  oircnit.  The  plates  were  set  at  any  required  distance 
apart,  the  upper  plate  being,  in  all  cases,  moved  downwards  to  its 
final  position. 

When  the  cells  were  charged  they  were  allowed  a  few  minntes  to 
reach  a  steady  state  and  were  then  joined  np  in  series,  and  various 
gronpa  of  500  tested  by  the  electrostatic  voltmeter ;  in  this,  the  smallest 
weight  being  used,  one  scale  division  read  50  volts,  so  that  direct 
reading  gave  ten  times  the  voltage  of  a  single  cell.  This  measure- 
ment  was  repeated  at  intervals  during  each  experiment,  and  only 
those  observations  were  preserved  in  which  the  cells  either  remained 
practically  constant,  or  fell  in  potential  diSereace  so  slowly  and 
aniformly  that  accurate  allowance  conld  be  made. 

The  plates  being  now  at  a  known  distance  and  the  air  at  a  known 
pressure,  regulated  by  the  pump  on  the  one  hand  and  the  stop-cock 
K  on  the  other,  the  number  of  cells  connected  to  the  plates,  always  at 
first  well  under  what  was  required  to  produce  discharge,  was  gradO' 
jilly  increased  until  the  spark  passed,  and  the  potential  difiei^iQSM 
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was  taken  as  being  proportional  to  the  number  of  cells.  The  obser- 
vations were  made  for  a  series  of  pressnres  ranging  from  20  to 
300  mm.  of  mercnry. 

When  the  apparatus  was  first  used,  a  fixed  potential  difference  was 
given  to  the  plates,  and  the  pressnre  gradually  lowered  until  a  spark 
passed.  Wheu,  however,  it  was  found  that,  in  certain  circumstances, 
a  diminution  of  pressure  required  an  increase  of  potential  difference, 
this  method  was  abandoned,  and  that  described  above  was  adopted. 

Within  the  specified  range  of  pressure  a  considerable  number  of 
observations  were  made  in  July  and  August,  1891,  for  spark-lengths 
corresponding  to  2,  5,  10,  20,  40,  100,  200,  and  400  divisions  of  the 
screw  head.  The  mean  results  of  these  observations  are  given  in 
the  following  tables.  Each  table  represents  the  mean  of  at  least 
three  series  of  observations,  taken  at  considerable  intervals  of  time, 
and  generally  showing  very  close  agreement  with  each  other. 

From  the  observed  potential  difference  the  electrostatic  force  has 
been  deduced,  that  is,  the  potential  difference  (in  electrostatic  units) 
per  centimetre  of  spark-length.  The  electrostatic  force  is  given  in 
the  third  column  of  the  following  tables,  the  first  column  containing 
the  air  pressure  in  millimetres  of  mercury,  and  the  second  the 
potential  difference  in  volts,  while  d  is  the  spark-length,  as  measured 
above. 

The  tables  are  represented  by  the  curves  of  figs.  2  and  3,  fig.  2 
showing  the  connexion  between  potential  difference  and  pressure  for 
various  constant  spark-lengths,  and  fig.  3  showing  the  connexion 
between  electrostatic  force  and  pressure  for  the  same  spark-lengths. 
From  those  are  deduced  the  curves  in  ^g,  4,  showing  the  relation 
between  potential  difference  and  spark-length  for  various  constant 
pressures. 
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Curres  A,  fig.  2,  and  A,  fig.  3. 

Curres  B,  fig.  2,  and  B,  fig.  3. 

d  »  0*0004  in. 

d  «  0001  in. 

PreMure, 

Potential 

Electrostatic 

Pressure, 

Potential 

Electrostatic 

mm.  of 

difference, 

force, 

mm.  of 

difference. 

force. 

mercury. 

volts. 

O.G.S.  units. 

mercury. 

TOltS. 

» 

O.G.S.  units. 

20 

433 

1420 

20 

430 

564 

30 

398 

1310 

30 

396 

528 

40 

880 

1246 

40 

377 

495 

50 

370 

1215 

50 

361 

474 

60 

857 

1170 

60 

354 

465 

70 

853 

1160 

70 

347 

456 

80 

349 

1145 

80 

343 

450 

90 

346 

1135 

90 

339 

445 

100 

343 

1125 

100 

336 

440 

120 

337 

1105 

120 

334 

438 

140 

332 

1090 

140 

331 

4^4 

.     160 

330 

1085 

160 

382 

485 

180 

329 

1080 

180 

334 

438 

200 

328 

1075 

200 

338 

444 

240 

826 

1070 

250 

352 

463 

280 

327 

1072 

300 

376 

495 

300 

328 

1075 

Cunree  C,  fig.  2,  and  C,  fig.  3. 

Cunres  D,  fig.  2,  and  D,  fig.  3. 

d  «  0*002  in. 

d  »  0004  in. 

Pressure, 

• 
Potential 

Electrostatic 

Pressure, 

Potential 

Electrostatic 

mm.  of 

difference, 

force, 

mm.  of 

difference. 

force. 

mercury. 

Tolts. 

0.a.S.  units. 

mercury. 

Yolts. 

C.a.S.  units. 

20 

426 

278 

20 

421 

138 

30 

393 

265 

30 

883 

126 

40 

373 

244 

40 

365 

120 

50 

360 

236 

50 

355 

116 

60 

352 

231 

60 

355 

116 

70 

344 

225 

70 

360 

118 

80 

340 

223 

80 

369 

121 

90 

336 

220 

90 

380 

125 

100 

334 

218 

100 

390 

128 

120 

334 

218 

120 

416 

136 

140 

340 

223 

140 

442 

145 

160 

348 

228 

160 

470 

154 

180 

358 

235 

180 

491 

161 

200 

374 

245 

200 

515 

169 

250 

414 

271 

250 

573 

192 

300 

456 

300 

300 

i 

626 

205 
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Curres  E,  fig.  2,  and  B,  fig.  3. 

• 

Cunres  F,  fig.  2,  and'F,  fig.  3. 

d  =  0008  in. 

d  »  002  in. 

Pressure, 

Potential 

Electrostatic 

Pressure, 

Potential 

Electrostatic 

mm.  of 

difference, 

force, 

mm.  of 

difference, 

force, 

mercury. 

VOlt4k 

C.a.S.  units. 

mercurj. 

Tolts. 

O.G-.S.  units. 

20 

410 

67 

20 

484 

31-5. 

30 

873 

61 

30 

510 

33*5 

40 

375 

61 

40 

550 

86  0 

50 

385 

63 

50 

580 

38  0 

60 

402 

66 

60 

617 

40-5 

70 

420 

69 

70 

660 

43-0 

80 

435 

71 

80 

699 

46-0 

90 

451 

74 

100 

778 

51-0 

100 

468 

.  77 

120 

852 

56*0 

120 

507 

83 

140 

933 

61-0 

140 

541 

89 

160 

1000 

65-5 

160 

576 

94 

200 

1188 

74-0 

180 

607 

99 

220 

1208 

79-5 

200 

645 

103 

240 

1272 

83-5 

250 

729 

119 

260 

1340 

88-0 

800 

802 

132 

280 

1416 

92-5 

300 

1490 

97-5 

Curve  a,  fig. 

2. 

Curve  H,  fig. 

2. 

d  =  004  in 

• 

d  =  008  in 

• 

Pressure, 

Potetitial 

Electrostatic 

Pressure, 

Potential 

Electrostatic 

mm.  of 

difference, 

force, 

mm.  of 

difference. 

force, 

mercury. 

▼olts. 

C.G-.S.  units. 

mercury. 

Tolts. 

O.G-.S.  units. 

20 

528 

17-3 

16 

550 

1 

9  0 

30 

589 

19-3 

20 

635 

10-4 

40 

0G2 

21-8 

30 

800 

13-1 

50 

rai 

24  0 

40 

950 

15-6 

60 

824 

27  0 

50 

1100 

18-1 

70 

906 

29-5 

60 

1255 

20-5 

80 

970 

31*8 

65 

1326 

21-7 

90 

1046 

34-2 

75 

1464 

24  0 

100 

1116 

37-2 

120 

1260 

41-4 

130 

1326 

43-5 
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These  reBnltg,  and  the  caiTea  representing  them,  present  two 
featares,  already  mentioned,  which  call  for  remark.  In  the  firsL 
place,  the  potential  difference  cnrres  in  fig.  2  exhibit  minimft  at  pres- 
sures which  aro  relatively  high.  The  following  table  (p.  107)  gives 
the  minima  shown  by  the  cnrree,  as  drawn  in  fig.  2, 

In  every  series  of  observations  these  minima  were  well  marked, 
and  for  different  series  the  pressures  corresponding  to  the  minimani 
potential  difference  for  a  given  spark-length  were  always  in  close 
agreement.  These  minima  are  considered  again  below,  in  connexion 
with  the  resolta  of  Part  II. 

la  the  second  place,  the  potential  difference  curves  in  fig.  2  meet 
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Bpuk-1«Dgth, 
iDchra. 

TOIU. 

mercury. 

0-0004 

o-ooio 

00020 
O0O4O 
0-0080 

826 
830 
333 
8U 
370 

240 
160 
110 
66 
83 

and  pass  above  e&cli  other,  or,  which  is  the  same  thin^,  the  curves 
in  fig.  4,  showing  the  relation  between  potential  difference  and  spark- 
length  for  given  preesnres,  also  exhibit  minima.  This  effect,  though 
appearing  consistently,  was  not  very  distinctly  marked,  bot  there 
were  indications  that  it  wonld  be  more  apparent  at  loner  pressaree, 
and,  therefore,  it  was  thought  advisable  to  sabmit  it  to  more  direct 
investigation.  For  this  purpose  new  apparatus  was  fitted  np,  aa 
described  below. 
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The  apparatas  used  is  sketohed  in  &g.  5.  Tiro  pairs  of  plates 
at  different  distances  apart,  bat  witli  same  air  presBiire,  were 
arranged  in  parallel,  so  that  aa  altemative  path  was  offered  to  the 
diaobarge.  The  two  pairs  of  plates  were  enoloned  in  two  small 
receivers.  THe  lower  plate  in  each  rested  on  an  insslating  stand ;  the 
npper  plate  was  sapported  and  separated  from  tbe  lower  b;  small  thin 
discs  of  ebonite,  inioa,  or  glass.  The  foor  plates  used  were  plane,  and 
the  thickness  of  the  separatiag  discs,  as  measured  bj  the  screw 
'calipers,  is  taken  aa  the  length  of  the  spark.  The  receivers  rested  on 
welt-ground  brass  base  plates,  into  each  of  which  were  sealed  two 
narrow  glass  tabes,  containing  merour^,  and  having  sealed  platinam 
wires  passing  to  the  ontside ;  flexible  wires  passed  from  the  disoharge- 
plalea  and  dipped  inbo  the  mercurj'  in  the  tubes.  One  of  these 
tubes  served  also,  in  each  case,  to  give  connexion  with  the  pomps. 
Two  pumps  were  nsed,  the  water  pamp  for  rapid  exhaustion  to  abont 
30  or  40  mm.  of  mercury,  the  meronry^  pump  for  lower  pressures. 
Pressures  of  from  2  to  3  mm.  of  meroory  were  easily  reached,  and 
could  be  maintained  for  any  length  of  time. 


The  platiDum  wires,  in  connexion  vrith  the  plates,  dipped  into 
mercury  cups  in  the  paraffin  blocks  Ni  and  Ni ;  from  these  leads 
passed  to  the  block  U,  where  either  one  pair  of  plates,  or  both,  could 
be  connected  to  tbe  leads  passing  to  tbe  cells.  The  cells  were  used 
in  tbe  same  manner  as  before ;  the  potential  difference,  however, 
ioatead  of  being  reckoned  as  proportional  to  the  number  of  cells 
applied,  was  meaBm-ed  directly  by  a  cylinder  qnadrant  electrometer. 
This  was  used  in  order  to  avoid  a  fresh  examination  into  the  uni- 
formity of  the  cells. 


1892.]      to  produce  a  Spark  in  Air  at  different  Pressures.  109 

The  apparatus  was  set  np,  and  the  observations  tabalated  below 
were  made  in  April,  1892.  These  obseryations  were  confined  to 
pressures  lower  than  50  mm.  In  each  case  the  two  pairs  of  plates 
had  air-gaps  of  very  different  length,  so  that  each  series  of 
observations  amonnted  to  a  determination  of  two  separate  potential 
difference  and  spark- length  carves.  The  sparks  were  separately 
examined,  nntil  pressures  were  reached  at  which  the  potential  differ- 
ences necessary  for  discharge  became  nearly  equal,  and  then  the  two 
pairs  of  plates  were  simultaneously  connected  to  the  cells.  The 
crossing  of  the  potential  difference  curves  was  thus  directly  verified, 
a  slight  lowering  of  the  pressure  transferring  the  discharge  from  the 
shorter  to  the  longer  air-gap. 

The  plates  used  in  this  experiment  were,  all  four,  plane  and 
polished.  Two  were  of  brass,  one  of  copper,  and  one  of  zinc.  When 
the  different  plates  were  interchanged  between  the  long  spark-gap 
and  the  short,  no  difference  was  observed  in  the  potential  difference 
required  for  discharge  at  given  difference  and  air-pressure.  That 
there  might  be  no  doubt  as  to  whether  the  discharge  was  passing 
actually  between  the  plates,  or  was  taking  a  longer  path  from  edge  to 
edge,  the  edges  of  the  plates  were  only  very  slightly  rounded  off.  At 
low  pressures  there  was  considerable  tendency  to  a  brush  discharge 
from  the  edges,  but  this  was  considerably  reduced  by  an  extremely 
thin  coating  of  shellac  varnish. 

The  results  given  below  are  those  of  three  single  series  of  observa- 
tions made  on  April  21,  22,  and  23,  respectively.  All  of  these  were 
repeated  on  the  same  or  other  days,  and  in  all  cases  there  was  almost 
exact  agreement.  For  convenience  of  reference  these  series  are 
called  A,  B,  and  G,  the  suffix  1  referring  to  the  left-hand,  and  the  suffix 
2  to  the  right-hand,  spark-gap.  As  in  the  former  case,  the  tables 
give  corresponding  pressure,  potential  difference  in  volts  (V),  and 
electrostatic  force  in  C.G.S.  units  (F).  Curves,  similar  to  those  given 
in  fig.  2  and  3,  representing  potential  difference  and  pressure,  and 
electrostatic  force  and  pressure,  are  also  given  in  figs.  6  and  7. 
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A. 


Curres  Ai,  fig.  6 

\,  and  A},  fig.  7. 

Curres  A^,  fig.  6,  and  A^  fig.  7. 

Pressure, 

rf  «  0-08  in.                  1 

d  »  0-082  in. 

mm.  of 
mercurj. 

Vi, 

F,. 

v„ 

F,. 

TOltS. 

C.Gh.S.  unite. 

Tolte. 

C.a.S.  unite. 

60  0 

611 

26-7 

983 

15-7 

28  0 

494 

21-6 

712 

11-4 

15  0 

488 

19  1 

589 

8-6 

10  0 

428 

18-7 

488 

7-8 

5-5 

462 

20*2 

480 

7-7 

2*5 

781 

82  0 

649 

10-4 

B. 


Curres  Bi,  fig.  6,  and  Bi,  Ag.  7. 

1 
Curres  Bj,  fig.  6,  and  Bj,  fig.  7. 

Pressure, 

d  »  0042  in. 

d  »  0-021  in. 

mm.  of 
mercury. 

i 

V,. 

Fi, 

v„ 

F,. 

TOltS. 

C.Gh.S.  unite. 

TOlte. 

C.a.S.  unite. 

50 

726 

22-7 

585 

88*4 

37 

626 

19-6 

488 

80-5 

27 

554 

17-3 

446 

27-8 

20 

518 

16- 1 

419 

26  1 

15 

469 

14-7 

405 

25-1 

10 

458 

14-8 

407 

25-4 

5 

478 

14-9 

670 

41*9 

c. 


Pressure, 

mm.  of 

mercury. 

Curves  Cj,  fi^.  6,  and  Ci,  fig.  7. 
Ci  d  -  0012  in. 

Curves  C^,  fig.  6,  and  C^  fig.  7. 
C,  rf  «  0-006  in. 

Tolte. 

F„ 
C.a.S.  unite. 

volte. 

F3, 
C.G.S.  unite. 

50-0 
36  0 
26-0 
19-5 
10-0 
6-0 

454 
422 
397 
389 
420 
552 

40-6 
46-2 
43-5 
42-6 
46-0 
60-6 

397 
402 
408 
414 
467 
660 

104 
105 
107 
109 
122 
173 

It  ought  to  be  mentioned  that  the  values  here  given  for  the  spark- 
length  d  can  only  be  regarded  as  approximations,  as  the  pressure 
applied  in  measuring  the  thickness  of  the  separating  disks  by  the 


1892.]      to  produce  a  Spark  in  Air  at  different  I^-estnret.         1 II 
Via.  6. 


Bcrew  caliper  might  be  voiy  different  from  that  dne  to  tlie  weight  of 
the  supported  plate,  especially  in  those  cases  in  which  several  thick- 
nesses of  mica  or  ebonite  were  used.  The  essential  point  of  this  part 
of  the  investigation,  hovrever,  was  not  the  accnrate  determination  of 
spark-length,  bnt  the  direct  comparisoQ  of  discharge  across  two 
spark-gaps  known  to  be  of  vei;  different  length. 

The  following  table,  similar  to  that  given  on  p.  107,  gives  corre- 
sponding values  for  minimum  potential  difFerence,  spark-length,  and 
pressure,  as  deduced  from  the  curves  of  fig.  6  ■.— 
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8pMk.length, 

MiDimnin  potontUl 
difiereiice, 

T0lt«. 

FreMurs, 
mtTcarj. 

0  012 
0-021 
0-080 
0-042 
0-082 

sso 

400 
42S 
458 
*75 

19 
12 
10 
9 
7 

Tbo  carve  given  in  fig.  8  represents  corresponding  values  of  air 
pressure  and  spark-length  for  minimum  potential  difference.  Tho 
points  marked  on  this  curve  by  a  dot  are  taken  from  the  resDlt.s  of 
Par£  I,  those  marked  by  a  cross  from  the  resnlts  of  Part  II,  The 
long  straight  portions  of  the  curve  cannot  be  regarded  ns  quite 
accurate,  for  the  following  reasons : — That  portion  which  lies  close 
to  the  vertical  (pressure)  axis  refers  to  the  extremely  short  spark- 
lengths  of  Part  I,  in  measuring  which  an  error  in  the  screw-reading 
or  in  the  zero  adjostment  might  he  a  considerable  fraction  of  the 
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wholo  distance,  and  that  portion  whioli  lies  close  to  the  horizontal 
(or  Bpark-len^h)  axis  refers  to  the  low  pressures  of  Part  II,  in 
measaring  which  a  small  error  might  again  make  considerable  differ- 
ence. These  portions  apart,  it  will  he  noticed  that  the  more  cnrved 
portion  of  the  curve  is  a  fairly  close  approximation  to  a  roctangnlar 
hyperbola,  as  may  he  seen  from  the  following  table : — 


PreMure, 

rrx- 

meroniT. 

of  an  inch. 

8-8 

228 

240 

40 

6-4 

266 

30 

8-8 

264 

266 

10 

26  C 

265 

The  portions  of  the  curve  more  distant  from  the  origin  show  con- 
siderable divergence  from  the  hyperbola,  though  perhaps,  as  has  been 
pointed  out,  not  mors  tOian  might  be  dne  to  exrors  of  obBervatum.. 

TOL,  LII.  \ 
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The  appearance  of  the  spark-discharge  changed  with  the  pressure 
in  the  usual  manner.  At  ordinary  pressures  the  discharge  was  a 
bright  white  spark,  gradually  pasaing,  as  the  pressure  was  lowered, 
into  a  purplish  glow.  In  the  case'  of  the  flat  and  convex  discs  of 
Part  I,  the  purple  disohaige,  at  first  central  and  narrow,  gradually 
spread  out  and  at  low  pressures  filled  the  space  between  the  plates. 
The  appearance  of  the  spark  conld  not,  however,  be  carefully 
examined,  as  the  circuit  was  always  broken  as  soon  as  discharge 
occurred  in  order  to  avoid  damage  to  the  surfaces  of  the  plates. 
When  these  were  examined  by  breathing  on  them  after  a  number 
of  sparks  had  passed  at  low  pressures,  it  was  always  found  that 
the  part  of  the  snr&ces  most  affected  by  the  discharge  was  an  annulus 
at  some  little  distance  from  the  centre.  With  the  flat  plates  used  in 
Part  TI,  the  discharge  was  generally  difAised  over  the  space  between 
the  plates. 

Observations  of  spark  discharge  between  plates  in  air  at  different 
]iressures  have  been  made  by  Warren  de  la  Bne  and  H.  Muller*  and 
by  Macfarlane.f  Their  resalts  do  not  present  the  features  to  which 
attention  has  been  called  in  the  present  paper,  nor  could  they  do  so, 
as  the  curves  for  potential  difference  and  pressure  for  the  spark- 
leng^ths  they  examined  would  show  no  evidence  of  a  minimum  poten- 
tial difference  at  the  lowest  pressures  they  considered.  In  both  cases 
the  spark-length  was  about  0*13  inch,  and  the  lowest  pressure  20  mm. 
of  mercury. 

In  conclusion,  I  have  to  express  my  thanks  to  Professor  J.  J. 
Thomson,  to  whom  I  have  been  indebted  for  advice  and  suggestions 
at  every  point  of  this  investigation. 


Vn.  "  Electro-chemical  Effects  on  Magnetising  Iron.  Part  IV." 
By  Thomas  Andrews,  F.R.S.,  M.Inst.C.E.  Received  May 
16,  1892. 

Influence  of  Magnetisation  on  Corrosion  of  Steel. 

In  connexion  with,  and  during  the  progress  of,  the  electrical  portion 
of  my  research  on  **  Electro-chemical  Effects  on  Magnetising  Iron," 
Parts  I,  II,  and  III  (*  Roy.  Soc.  Proc.,'  vols.  42, 44,  and  46),  numerous 
gravimetric  experiments  were  conducted,  with  the  object  of  investi- 
gating the  influence  of  magnetisation  on  the  corrosion  of  iron  and 
steel.  I  selected  as  the  corrosive  fluid  a  solution  of  cupric  chloride, 
being  partly  guided  in  this  choice  by  the  results  obtained  with 
solutions  of  this  salt  in  the  electrical  portion  of  the  investigation. 

•  '  Phil.  Trans.,'  Tol.  171,  pp.  76—82, 1880. 

t  '  Trans.  Eoy.  Soc.  Edinb.,'  vol.  28,  p.  642, 1878. 
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The  action  of  this  salt  on  iron  and  steel  is  also  very  powerful,  and 
enaarea  freedom  from  the  distnrhing  inflnences  of  violent  effervescence. 
Moreover,  the  resalta  obtained  with  a  copper  solation  of  this  nature 
afforded  an  opportnnity  of  simnltoneoasly  obtaining  an  indication  of 
the  inflnence  of  mi^netisation  on  the  electrolytic  deposition  of  copper 
from  its  solntions  on  iron  and  steel.  The  investigation  was  conducted 
as  follows :  the  steel  bars  employed  were  of  the  lengths  and  diameters 
given  in  Table  I,  each  pair  being  cnt  adjacently  from  a  long  finely- 
polished  rod,  BO  that  the  bars  were  as  near  as  practicable  alike  in 
general  composition  and  strnctnre.  For  every  set  of  expenments  one 
of  the  steel  ban  was  magnetised,  the  other  being  retained  in  its  nn> 
magnetised  state.  The  bars  were  each  weighed  on  the  balance,  and 
afterwards  each  bar  was  immersed  in  an  eqaal  qnantity  of  cupric 
chloride  solntion,  in  separate  beakers,  a  considerable  distance  apart 
(see  fig.  1) ;  the  two  beakers  were  of  the  same  diameter  and  fluid 
capacity;  the  bars  were  placed  in  the  beakers  in  the  position  shown 
in  fig.  1.    On  the  completion  of  the  periods  of  immersion  stated  in 


Table  I,  each  bar  was  taken  ont,  and  on  removal  from  the  solntion 
the  electro -deposited  copper  was  mostly  found  surrounding  the  steel 
bar  in  the  form  of  a  compact  hollow  pipe  or  cylinder ;  ibis  was  easily 
di&wn  oG  from  the  remains  of  the  steel  bar,  which  formed  a  kind  of 
core  within.  The  rods  were  carefully  washed  and  cleansed  from  any 
loosely  adherent  copper  and  carbonaceous  deposit,  dried,  and  then 
weighed.  A  new  pair  of  finely  polished  steel  bars,  one  magnetised, 
the  other  nnmagnetised,  was  prepared  in  the  above-named  manner 
for  every  experiment.     The  results  obtained  are  stated  in  Table  I. 

The  cupric  chloride  solution  was  prepared  aa  follows :  4  ounces  of 
crystallised  cupric  chloride  were  dissolved  in  20  flnid  ounces  of  water, 
and  each  steel  bar  was  immersed  as  previously  desci'ibed  in  an  equal 
quantity  of  this  solution.  A  fresh  solntion  of  CuCl  was  prepared  for 
every  set  of  observations,  and  the  methods  resorted  to,  "with  ma.TtV^u- 

1  1 
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lative  care,  ensored  ezactitade  for  purposes  of  comparison  Isetweea 
the  behavioar  of  the  magnetised  and  nnmagnetised  steel  bars  in  the 
corrosive  flnid. 

An  average  of  the  twenty-nine  experiments  in  Table  I  indicates  an 
increase  of  oorrosion  in  the  steel  dne  to  magnetic  inflaence  of  about 
3  per  cent,  nnder  the  conditions  of  experimentation. 

The  steel  bars  were  not  highly  magnetised,  and  I  purposely  ex- 
posed  them  to  the  action  of  the  solution  for  somewhat  long  periods 
in  the  present  experiments,  as  thereby,  perhaps,  affording  a  better 
indication  of  the  inflnence  of  magnetisation  on  general  corrosion,  the 
almost  immediate  effect  of  magnetisation  on  the  corrosion  of  steel 
having  been  demonatrated  in  the  electrical  observations  of  Part  II. 

It  is  probable  that  the  deviation  in  the  individnal  results  of 
Table  I,  in  the  extent  of  the  loss  by  corrosion,  may  be  attributed  to 
variation  in  the  extent  to  nhioh  the  several  bars  were  magnetised. 
The  resnlts  recorded  in  the  present  paper  indicate  that  magnetisation 
exerts  an  effect,  thongh  small,  on  the  extent  of  the  corrosive  action  of 
copper  scJta  on  iron  and  steel.  This  is  probably  owing  to  the  local 
currents,  set  up  by  magnetisation  between  the  polar  and  central 
portions  of  the  bars,  inducing  somewhat  greater  chemical  action. 

In  some  of  the  experiments  with  the  copper  solution  which  con- 
tained the  more  highly  magnetised  bars,  the  copper  solution  was  of  a 
perceptibly  lighter  coloor  towards  the  end  of  an  experiment  when 
compared  with  the  colonr  of  the  copper  solution  containing  the 
nnmagnetised  steel  bar. 


Vni.  "Note  on  the  Spectra  of  the  Flamee  of  some  Metallic 
Compounds."  By  G.  D.  LiVEiNQ,  M.A.,  F.R.S.,  Profensor  of 
Chemifltry,  and  J.  Dewar,  LL.D.,  F.R.S.,  Jacksonian  Pro- 
feBHor,  University  of  Cambridge.    Received  June  3,  1892. 

[PUTH  5.] 

A  study  of  the  spectra  of  flames  offers  many  points  of  interest.  It  is 
long  since  A,  Mitscherlich  (Poggendorff'a  'Annalen,'  vol,  116,  p.  499  ; 
vol.  121,  p.  i59)  showed  that  the  spectra  of  flames  are,  for  the 
most  part,  those  of  componnds  of  the  elemeuta  present,  and  contain 
comparatively  few  rays  proceeding  directly  from  the  elements  them- 
'  selves.  But  there  are  many  questions  still  undecided.  For  example, 
it  is  not  known  whether  the  vibrations  which  give  the  spectra  of  com- 
pounds in  flames  are  thoee  which  the  molecales  of  the  componnds  in 
question  would  assume  nnder  the  action  of  a  high  temperatare  alone^ 
or  whether  they  are  not  vibmtdons  of  a  different  order,  anamg  inii'dj 
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ohemical  changes,  and  deriving  their  energy  directly  from  the 
chemical  energy  of  the  interacting  substances.  When  the  absorption 
spectrum  of  a  compound  is  observed  to  correspond  with  its  emission 
spectrum  in  a  flame,  we  may  infer  that  the  vibrations  are  those  which 
the  compound  molecule  assumes  when  sufficiently  heated.  But  there 
are  not  many  cases  in  which  this  has  been  observed.  We  have 
observed  it  in  the  case  of  cyanogen  Q  Roy.  Soc.  Proc.,*  vol.  44,  p.  247, 
note),  but  we  are  not  certain  of  any  other  case.  The  difference 
between  the  spectrum  of  the  base  of  a  flame  and  that  of  the  upper 
part,  observed  in  many  flames,  lends  support  to  the  supposition  that 
there  are  rays  which  originate  in  the  chemical  change,  perhaps 
occurring  in  the  molecules  which  are  in  intermediate  stages  of  the 
change,  and  not  assumed  by  the  molecules  which  are  the  final  pro- 
duct, even  when  intensely  heated  in  the  upper  part  of  the  flame. 
The  fact  that  the  same  rays  which  are  seen  in  the  base  of  a  flame 
may  be  sometimes  generated  by  electric  discharges  in  the  gases  which 
are  burnt  in  the  flame,  or  in  their  products  of  combustion,  is  not  at 
all  inconsistent  with  this  supposition,  for  such  discharges  certainly 
have  electrolytic  effects,  and  may  very  well  give  rise  to  molecules  in 
the  intermediate  stages  between  one  state  of  chemical  combination 
and  another.*  The  flames  of  substances,  such  as  the  organo-metallic 
compounds,  into  which  metals  enter  as  chemical  ingredients,  have  not 
hitherto,  so  far  as  we  know,  been  observed,  and  it  is  to  two  such 
flames  that  these  notes  refer. 

Spectrum  of  the  Flame  of  NickeUCarhonyl. 

The  remarkable  compound  of  nickel  and  carbonic  oxide,  Ni(C0)4, 
discovered  by  Mr.  Mond,  bums  in  air  with  a  luminous,  smoky  flame, 
and  the  spectrum  it  emits  appears  to  be  a  continuous  one.  When  the 
vapour  is  burnt  in  oxygen  instead  of  in  atmospheric  air,  the  spectrum 
still  appears  to  be  quite  continuous;  in  fact,  such  a  spectrum  as 
carbonic  oxide,  without  any  nickel,  gives  under  similar  circumstances. 
This,  however,  is  only  in  appearance,  because  the  brightness  of  the 
continuous  spectrum  overpowers  the  feebler  bands  and  lines  which 
belong  to  the  flame  of  the  nickel  compound.  These  bands  and  lines 
come  out  when  the  vapour  of  the  nickel  compound  is  diluted  with  a 

*  It  is  Bomeiimes  assumed  in  books  on  chemistry  that  the  atoms  which  form  a 
chemical  compound  can  nerer  be  in  an  intermediate  state  between  complete  separa- 
tion and  complete  combination.  So  inconceiyable  an  assumption  would  hardly  have 
been  made  except  to  support  a  theory,  but  it  has  nevertheless  obtained  a  certain 
currency.  It  is  supported  by  no  fact  and  no  analogy.  Two  atoms  which  are 
within  the  spheres  of  each  other's  influence,  but  have  not  yet  reached  the  state  of 
relative  tranquillity  which  we  recognise  as  chemical  combination,  may  very  con- 

ceivabljr  be  the  seat  of  very  violent  agitation  and  vibratory  motions,  which  cease 

when  they  are  actually  combined. 
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good  deal  of  hydrogen.  We  have  employed  two  methods  of  making 
Buch  a  mixture.  The  first  "was  by  passing  a  stream  of  dry  hydrogen, 
mixed  with  carbonic  oxide,  over  reduced  nickel  in  a  glass  tube,  aud 
burning  the  issuing  gas  in  a  double  jet  with  oxygen  either  outside 
or  inside  the  burning  gas.  The  nickel  was  freshly  reduced  at  a 
gentle  heat  with  hydrogen,  and  allowed  to  cool  in  carbonic  oxide. 
When  quite  cold  the  stream  of  mixed  hydrogen  and  carbonic  oxide 
was  found  to  take  up  quite  enough  nickel  at  the  temperature  of  the 
room,  and  would  continue  to  do  so  for  some  hours.  After  a  time, 
however,  the  nickel  required  to  be  again  warmed  in  a  current  of 
hydrogen,  when  some  water  was  given  off,  and  the  metal  recovered 
its  sensitiveness.  Another  plan  was  to  pass  a  stream  of  hydrogen 
through  a  ^-tube  containing  a  little  of  the  liquid  nickel  compound 
in  the  bend.  The  result  was  the  same  in  each  case,  but  the  propor- 
tion of  vapour  of  the  compound  was  more  easily  varied  (by  simply 
varying  the  proportion  of  carbonic  oxide  in  the  stream  of  gas)  in  the 
former  method.  The  mixed  gas  and  vapour  burnt  in  air  with  a 
:8moky  flame,  but  in  a  full  supply  of  oxygen  with  a  bright  yellowish- 
green  flame  without  visible  smoke.  The  first  jet  we  used  was  of 
platinum,  but  nickel-carbonyl  deposits  nickel  at  a  red  heat,  so  that 
the  platinum  soon  became  coated  with  a  thick  deposit  of  nickel,  which 
choked  the  orifices.  This  nickel  adhered  so  closely  to  the  platinum 
that  it  could  not  well  be  removed  mechanically,  and  had  to  be  dis- 
43olved  ofE.  We  found  it,  therefore,  more  convenient  to  use  a  jet 
made  of  a  piece  of  porcelain  tube,  about  1  cm.  in  diameter,  with  a 
narrow  porcelain  tube,  fitted  by  means  of  a  cork,  in  the  axis  of  the 
wider  tube.  The  mixed  gas  and  vapour  were  passed  either  through 
the  inner  or  through  the  outer  tube,  and  oxygen  through  the  other. 
The  porcelain  being  a  bad  conductor,  no  nickel  was  deposited  on  it, 
except  close  to  the  orifice,  whence  it  could  be  easily  removed 
mechanically  without  disturbing  the  apparatus.  The  porcelain,  of 
course,  added  some  lines  to  the  spectrum,  but  these  were  easily 
•detected.  In  fact,  we  noticed  only  the  lines  of  sodium,  calcium,  and 
lithium. 

The  spectrum  of  the  flame  of  the  nickel-carbonyl  thus  diluted  con- 
isists  of  two  parts  :  (1)  the  spectrum  of  the  main  body  of  the  green 
flame,  (2)  that  of  the  base  of  the  flame  when  the  oxygen  is  outside, 
and  of  the  surface  of  the  small  inner  cone  when  the  oxygen  is  inside, 
the  flame. 

The  spectrum  of  the  main  body  of  the  flame  consists  of  a  series  of 
shaded  bands,  brightest  in  the  green,  but  extending  on  the  red  side 
beyond  the  red  line  of  lithium,  and  on  the  violet  side  well  into  the 
blue,  though  with  rapidly  diminishing  distinctness.  These  bands  have 
their  sharp  bright  edges  on  the  more  refrangible  side,  that  is,  they 
Are  turned  in  the  opposite  direction  to  the  banda  '^Tod\x<(^^  V^  ^^i^:^scv^ 
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discharges  in  carbonic  oxide  at  low  pressure.  The  positions  of  the 
bright  edges  of  the  bands  in  the  flame  of  the  nickel-carbonyl  have 
some  correspondence  with  those  of  the  bands  produced  by  electric 
discharges  in  carbonic  oxide,  but  it  is  not  a  verj  close  one,  and  maj 
be  only  accidental.  With  the  dispersion  employed,  which  gives  a 
difference  of  deviation  of  2"  52'  between  D  and  F,  there  was  no  sign 
of  a  resolution  of  these  bands  into  lines.  The  brightest  bands  had, 
however,  their  more  refrangible*  edges  pretty  sharply  defined,  while 
the  less  bright  bands,  especially  those  in  the  blue,  were  very  hazy. 
A  certain  amount  of  continuous  spectrum,  of  course,  overlay  the 
bands,  and  made  them  somewhat  less  distinct.  Photogpraphs  show 
that  this  continuous  spectrum  continues  as  far  as  X  3500,  but  fading 
sensibly  from  X4200  onwards.  The  photographs  do  not  show  any 
extension  of  the  bands  beyond  the  blue. 

Besides  the  bands,  a  few  lines,  but  only  a  few,  in  the  visible  part  of 
the  spectrum,  extend  into  the  upper  part  of  the  flame.  Of  these  few 
only  one  is  a  known  line  of  nickel ;  it  is  the  green  line  X  5476.  This 
was  also  the  only  line  of  nickel  which  we  observed  in  the  visible  part 
of  the  spectrum  in  explosions  of  hydrogen  and  oxygen  in  a  nickel- 
lined  tube  C  Roy.  Soc.  Proc.,'  vol.  36,  p.  475). 

In  the  ultra-violet  part  of  the  spectrum  of  the  flame  a  great 
number  of  nickel  lines  were  photographed ;  indeed,  by  far  the  greater 
part  of  the  lines  of  nickel  found  by  us  in  the  arc  Q  Phil.  Trans.,' 
vol.  179  (1888),  A,  p.  247)  between  \3972  and  X  2943*5.  In  this 
case  also  there  is  a  close  correspondence  between  the  spectra  of  the 
flame  and  of  the  explosions,  except  that  the  lines  of  the  flame  are 
much  more  numerous  than  those  recorded  of  the  explosions.  This 
dilEerence,  however,  is  probably  due  to  the  much  shorter  exposure  of 
the  photographs  of  explosions.  Although  the  photographs  show 
lines  as  high  as  X  2943,  the  lines  in  this  region  are  very  faint,  and 
gradually  die  out  in  proceeding  from  the  less  to  the  more  refrangible 
side  of  the  spectrum.  In  the  region  about  L,  M,  and  N  the  lines  are 
very  strong,  so  that  it  is  for  rays  of  those  rates  of  vibration  that 
nickel  is  most  sensitive  at  the  temperature  of  the  flame. 

Turning  now  to  the  base  of  the  flame,  we  find  a  great  number  of 
lines,  of  which  most  extend  but  a  short  distance  from  the  bottom  of 
the  flame.  They  form  two  principal  groups,  one  in  the  orange  and 
red,  and  the  other  in  the  citron  and  yellow.  These  lines  are  for  the 
most  partly  sharply  defined,  and  in  the  more  refrangible  parts  of  each 
group  very  fine  and  closely  set.  They  are  probably  channellings 
following  Bydberg's  law,  and  somewhat  confused  by  overlapping. 
The  diagram  indicates  the  strongest  of  these  Hues,  as  they  appear  on 
the  background  of  shaded  bands  in  the  flame.  It  is  drawn  to  a  scale 
of  oscillation  frequencies. 
JNbize  ot  these  lines  appear  to  be  nickel  lines,  and,  as  they  are  limited 
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to  the  base  of  the  flame,  they  cannot  be  ascribed  to  any  of  the  final 
prodncts  of  the  combnstion,  sach  as  nickel  oxide,  bnt  mnst  be  due 
either  to  the  as  yet  unaltered  molecules  of  nickel  carbonyl,  or  to  some 
molecules  intermediate  between  that  compound  and  the  products  of 
combustion  which  have  only  a  transitory  existence,  and  may  perhaps 
have  a  transitory  agitation  of  a  particular  kind  imparted  to  them  by 
the  chemical  energy  which  changes  its  form  in  the  combustion. 

The  following  tables  give  the  approximate  oscillation  frequencies 
of  the  edges  of  the  principal  shaded  bands,  and  of  the  lines  seen  at 
the  base  of  the  flame,  but  the  numbers  are  only  approximate. 

Oscillation  Frequencies  of  Edges  of  Shaded  Bands. 

1496  1692  1933  2146 

1521  1752  1960  2172 

1577  1808  2052  2199 

1594  1849  2107  2226 
1635 


Oscillation  Frequencies  of  Lines 

in  the  Base  of  the  Fl 

1497 

1582 

1622 

1721 

1506 

gronp  of  very 

1627  i 

1727  2 

1509 

closely  set  lines 

1631 1 

1732  Z 

1514 

1586 

1651 

1735 

1518 

1593 

1656 

1738 

1521 

1595 

1663 

1741  I 

1526 

1596 

1667 

1742 

1543 

1598 

1671 

1745 

1547 

1599 

1673 

1746 

1549 

1600 

1682 

1747 

1565 

1602 

1686 

1753 

1560 

1604 

1690  Z 

1806 

1563 

1607 

1706 

1809 

1572 

1612 

1712 

1827 

1575 

1615 

1714 

1833 

1578 

1616 

1716 

1879 

1580 

1618 

The  six  numbers  in  the  above  table  to  which  an  /  is  added  corre- 
spond to  lines  which  extend  into  the  upper  part  of  the  flame. 
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Table  of  Wave-lengths  of  Nickel  Lines  photographed  from  the 

Flame. 


2943-5 

3183-8 

3390-4 

3561-1 

2981-2 

3194-9 

3392-4 

3565-7 

2983-6 

3196-6 

34090 

3571-2 

2992-2 

3201-5 

3413-4 

3587-2 

2994-1 

32211 

3413-8 

3601-4 

3002-1 

3224-6 

34231 

3609-8 

3003-2 

3226-3 

3433-0 

3612-1 

3011-5 

3232-6 

3436-7 

3618-8 

3018-8 

3234-2 

3445-7 

3624-1 

3031-4 

3242-6 

3452-3 

3663-4 

3037-5 

3247-8 

3457-8 

3669-7 

3044-5 

3260-1 

34611 

3673-4 

3050-4 

3270-6 

3466-8 

3687-6 

3053-9 

3282-2 

3468-9 

3694-6 

3057-2 

3285-0 

3470-8 

3721-6 

3064-2 

33151 

3483-1 

3736-1 

♦3080-3  ? 

3310-7 

3485-2 

3737-0 

3096-6 

3321-6 

3492-3 

37450 

3098-6 

33610 

3500-0 

3775-0 

3101-11 
3101-4  J 

3365-5 

3509-7 

37830 

3367-2 

3514-4 

3791-0 

3105-0 

3368-9 

3519-1 

3806-6 

3113-7 

3371-3 

3523-9 

3831-7 

3133-6 

3373-6 

3527-1 

3857-8 

3145-5 

3380-0 

3547-5 

39720 

The  more  refrangible  lines  in  the  foregoing  table  were  very  faintly 
depicted  on  the  photographic  plate,  and  it  is  possible  that  a  more 
lengthened  exposure  than  the  fifteen  minutes,  which  we  employed  in 
the  region  where  the  lines  were  faint,  would  have  brought  out  more 
lines.  The  continuous  spectrum  of  the  limelight  extends  some  dis- 
tance further  than  the  most  refrangible  of  these  nickel  lines. 

Flame  of  Zinc  Eihide. 

Zinc  ethide  burning  undiluted  produces  so  much  continuous  spec- 
tram  as  to  overpower  any  special  rays.  But  by  passing  a  stream 
of  hydrogen  through  a  bent  tube  containing  zinc  ethide,  and  burning 
the  mixed  gas  and  vapour  in  oxygen,  as  we  did  the  nickel-carbonyl, 

*  A  query  is  placed  against  this  number  because  the  water  spectrum  is  so  strong 
at  this  point  that  we  cannot  certainly  distinguish  the  nickel  line.  There  is  no 
other  reason  for  doubting  its  presence. 
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we  reduced  the  continuous  spectrum  sufficiently  to  enable  us  to 
observe  any  fairly  strong  rays  which  might  be  peculiar  to  the  flame. 
In  the  visible  part  of  the  spectrum  the  three  well-known  rays  of  zinc 
in  the  blue  X  4812,  4721,  and  4681  were  easily  seen.  Photographs  of 
the  more  refrangible  part  of  the  spectrum  showed  no  trace  of  the 
ultra-violet  lines  of  zinc ;  no  more,  in  fact,  than  the  flames  of  hydro- 
carbons usually  show.  Nor  did  there  appear  to  be  any  rays  from  the 
base  of  the  flame  other  than  those  seen  in  hydrocarbon  flames  in 
general.  In  our  observations  on  explosions  (toe,  cit.)  we  did  not  find 
that  a  zinc  lining  to  the  tube  in  which  the  oiry-hydrogen  gas  was 
exploded  brought  out  any  zinc  line,  either  in  the  visible  or  ultra- 
violet part  of  the  spectrum.  The  flame  of  the  compoi|nd  containing 
zinc  chemically  combined  may  be  supposed  to  give  the  rays  of  zinc 
more  readily  ;than  the  exploding  gases,  which  merely  take  up  the 
metal  mechanically.  But  the  flame  does  not,  in  either  case,  seem  hot 
enough  to  develop  the  ultra-violet  rays,  though  these  are  very  strongly 
developed  in  the  arc. 


IX.  "  Preliminary.  Note  on  the  Pressure  developed  by  some 
New  Explosives."  By  Captain  Noble,  C.B.,  F.R.S.  Ee- 
ceived  June  10,  1892. 

For  a  considerable  time  I  have,  with  the  assistance  of  Sir  F.  Abel 
and  Professor  Dewar,  been  engaged  in  researches  upon  the  new  ex- 
plosives which  daring  the  last  few  years  have  attracted  so  much 
attention,  and  which  apparently  are  destined  to  do  much  in  develop- 
ing the  power  of  modem  artillery. 

From  the  nature  of  these  researches  and  the  considerable  scale 
upon  which  they  have  to  be  conducted,  as  well  as  from  certain  diffi- 
culties which  have  manifested  themselves,  I  am  not  at  present  in  a 
position  to  submit  to  the  Boyal  Society  the  results  of  these  experi- 
ments ;  but,  as  one  particular  portion  throws  light  upon  a  question  of 
considerable  importance,  I  propose  very  shortly  to  give  the  results  at 
which  I  have  arrived,  leaving  fuller  details  for  a  subsequent  communi- 
cation. 

Artillerists  of  all  nations  are  pretty  well  agreed  that,  save  under 
exceptional  circumstances,  the  maximum  working  pressure  in  a  gun 
should  not  exceed  17  tons  per  square  inch  or,  say  2600  atmospheres. 
The  reasons  for  this  limitation  are  weighty,  but  1  need  not  here  dis- 
cuss them.  Now,  taking  cordite  and  pebble  powder  as  illustrations, 
since  we  can,  even  in  guns  not  designed  to  fire  the  former  explosive, 
obtain  with  the  same  maximum  pressure,  energies  higher  than  those 
obtained  with  pebble  powder  by  nearly  60  per  cent.,  it  is  obvious  that 
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this  extra  energy  must  be  obtained  from  the  development  of  higher 
press  ares  in  the  forward  portions  of  the  guns,  and  it  naturally  became 
a  question  of  considerable  importance  to  determine  over  what  surface 
these  higher  pressures  extended,  and  to  ascertain  if  they  in  any 
serious  degree  affected  the  safety  of  the  chase. 

At  Woolwich,  to  settle  this  point,  certain  guns  were  prepared  in 
which  crusher  gauges  were  placed  at  various  points  along  the  bore, 
and  results  were  obtained  to  which  I  shall  presently  more  particularly 
allude ;  but,  considerable  doubt  having  been  thrown  on  the  reliability  of 
these  crusher  gauges,  I  considered  it  desirable  in  a  matter  of  so  great 
importance  to  ascertain  the  pressures  by  altogether  independent  means, 
and  thus  either  confirm  the  crusher-gauge  results,  or,  if  the  two  sets 
of  results  should  prove  to  be  not  altogether  in  accordance,  to  throw 
some  light  upon  the  causes  of  such  discrepancies  as  might  exist. 

The  crusher  gauge  is,  to  those  who  interest  themselves  with  such 
subjects,  so  well  known,  that  I  shall  not  attempt  here  to  describe  it, 
and  I  will  only  say  that  I  have  very  great  confidence  in  the  accuracy 
of  its  results  when  properly  used.  Personally  I  have  during  the  last 
twenty- five  years  made  many  thousand  observations  with  these 
gauges,  and  when  properly  prepared  and  judiciously  used,  not  only 
have  I  found  their  results  accordant  inter  «e,  but  I  have  by  totally 
different  determinations  corroborated  their  accuracy.  But  I  have  always 
held  that  this  gauge  and  all  similar  gauges  will  cease  to  be  either 
reliable  or  accurate  if  there  be  any  probability  of  the  products  of  ex- 
plosion being  projected  into  the  gauge  at  a  high  velocity,  the  energy 
stored  up  in  such  products  being  impressed  on  the  gauge  in  the  form 
of  pressure,  and  this  contingency  might  and  does  arise  either  when 
the  gauge  is  placed  in  the  forward  part  of  a  gun,  where  necessarily 
the  products  are  in  rapid  motion,  or  in  the  case  of  the  detonation  of 
a  high  explosive ;  but,  as  I  have  gone  pretty  fully  into  this  question 
elsewhere,  I  need  not  here  pursue  the  subject  further. 

The  crusher-gauge  determinations  for  cordite,  made  at  Woolwich 
for  the  Explosives  Committee,  under  the  presidency  of  Sir  F.  Abel, 
having  been  made  in  a  4*  7-inch  quick-firing  gun,  I  arranged  a  similar 
gun  in  such  a  manner  that  I  was  able  to  obtain  a  curve  determined 
from  the  time  at  which  the  projectile  passed  sixteen  points  arranged 
along  the  bore.  From  this  curve,  by  methods  I  have  elsewhere 
described,  the  curve  giving  the  velocity  at  all  points  of  the  bore  can 
be  deduced,  and  from  the  curve  of  velocity  the  pressures  generating 
these  velocities  can  also  be  deduced. 

For  the  particular  purpose  of  this  investigation  it  was  desirable  to 
compare  the  pressures  of  different  explosives,  and  the  present  note 
gives  the  result  of  four  explosives  differing  widely  in  nature  and  in 
composition. 

The  explosives  used  were  as  follows: — 
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a.  Ordinary  pebble  powder  of  the  Service.  A  charge  of  12  lbs. 
was  need ;  this  charge  gave  rise  to  a  mean  pressure  of  15*9  tons  per 
square  inch  (maximum,  16'8 ;  minimum,  14*9),  or  a  mean  of  2424 
atmospheres  (maximum,  2566 ;  minimum,  2277)  as  determined  by 
the  crusher  gauge  in  the  powder  chamber.  It  gave  to  a  45-lb.  pro-, 
jectile  a  mean  muzzle  velocity  of  1839  ft.-secs.,  thus  developing  a' 
muzzle  energy  of  1055  ft.-tons.  A  gramme  of  pebble  powder  at  a 
temperature  of  0^  G.  and  a  barometric  pressure  of  760  mm.  generates 
280  C.C.  of  permanent  gas,  and  develops  720  gramme  units  of  heat. 

5.  Amide  powder,  consisting  of  40  per  cent,  of  potassic  nitrate, 
38  per  cent,  of  ammonia  nitrate,  and  22  per  cent,  of  charcoal.  The 
charge  in  this  case  was  10  lbs.  8  ozs.,  and  the  mean  crusher  gauge 
pressure  was  15*3  tons  per  square  inch  (maximum,  16*4 ;  minimum, 
14*2),  or  a  mean  of  2382  atmospheres  (maximum,  2500 ;  minimum, 
2165) ;  the  muzzle  velocity  with  the  same  projectile  was  2036 
ft.-secs.,  and  the  muzzle  energy  1293  ft.-tons.  A  gramme  of  amide 
powder  generates  400  c.c.  of  permanent  gases,  and  develops  821  units 
of  heat. 

c.  Ballistite.  With  this  true  smokeless  powder  the  charge  was  re- 
duced to  5  lbs.  8  ozs.,  the  sides  of  the  cubes  being  0*2  inch.  The 
mean  crusher-gauge  pressure  was  14*3  tons  per  square  inch  (maxi- 
mum, 14*5;  minimum,  14*1),  or  a  mean  of  2180  atmospheres 
(maximum,  2210;  minimum,  2142).  The  muzzle  velocity  was 
2140  ft.-secs.,  and  the  muzzle  energy  1429  ft.-tons.  A  gramme  of 
ballistite  genei*ates  615  c.c.  of  permanent  gases,  and  gives  rise  to 
1365  gramme  units  of  heat. 

d.  With  the  fourth  explosive.  Cordite,  a  charge  of  5  lbs.  10  ozs.  of 
0*2  inch  diameter  was  fired.  The  mean  chamber  crusher-gauge  pres- 
sure was  13*3  tons  per  square  inch  (maximum,  13*6  ;  minimum,  12*9), 
or  a  mean  of  2027  atmospheres  (maximum,  2070 ;  minimum,  1970). 
The  muzzle  velocity  was  2146  ft.-secs.,  and  the  muzzle  energy  1437 
ft.-tons.  A  gramme  of  cordite  generates  700  c.c.  of  permanent  gases 
at  0°  C.  and  760  mm.  of  barometric  pressure.  The  quantity  of  heat 
developed  is  1260  gramme  units.  In  the  case  of  this  explosive,  as  well 
as  in  that  of  ballistite,  a  considerable  quantity  of  aqueous  vapour  has 
to  be  added  to  the  permanent  gases. 

The  results  of  these  observations  are  graphically  given  in  the 
figure.  The  ordinates  show  both  the  positions  at  which  the  pres- 
sures were  determined,  and  the  magnitudes  of  these  pressures.  On 
the  axis  of  abscissae  is  shown  the  travel  of  the  shot  in  feet. 

Each  curve  is  deduced  from  the  mean  of  three*  complete  rounds, 

*  Since  these  experiments  were  carried  out,  a  second  set  of  induction  coils  has 
been  added,  so  that  a  single  round  gires  simultaneously  the  times  both  at  the 
breech  and  muzzle  plugs. 
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that  is  to  say,  three  rounds  with  the  breech  and  three  with  the  muzzle 
plugs,  or  six  in  all. 

In  the  calculation  of  the  pressures  it  is  assumed  that  before  and 
after  the  complete  ignition  of  the  explosive  the  pressures  will  uni- 
formly increase  and  then  uniformly  decrease,  following  the  laws 
regulating  the  relation  between  the  pressure  and  volume  when  per- 
manent gases  are  permitted  to  expand  with  production  of  work. 

It  is  in  the  highest  degree  improbable  that  in  any  experiment 
is  this  assumption  strictly  true.  In  the  case  of  "  brisante  "  powders, 
and  of  high  explosives  which  can  be  detonated,  we  know  that  even  in 
moderately-sized  chambers  there  are  wide  variations  in  pressure ;  and 
even  when  there  is  comparatively  slow  combustion,  as  with  ballistite 
and  cordite,  it  appears  probable  that  the  generation  of  a  consider- 
able quantity  of  the  gases  may  take  place  in  different  portions  of  the 
bore,  giving  rise  to  a  corresponding  difference  in  the  pressure,  and  it 
may  be  that  a  portion,  of  the  discrepancies  of  the  crusher  gauge  when 
placed  in  forward  positions  in  the  bore,  to  which  I  shall  presently 
allude,  are  due  to  this  cause. 

But  such  irregularities  would  not  very  seriously  alter  the  curves 
shown  in  the  figure.  The  areas  included  between  the  final  ordinate, 
the  curve,  and  the  axis  of  abscissae,  being  the  total  energy  impressed 
on  the  projectile,  would  of  course  remain  unaltered ;  but  the  curves, 
instead  of  the  regular  figure  there  shown,  would  have  a  wavy 
outline,  and  would  show  several  maxima  and  minima.  These  irregu- 
larities of  pressure  are  of  no  appreciable  importance  when  the 
strength  of  the  gun,  in  a  radial  direction,  is  considered. 

From  the  same  plate  can  be  at  once  obtained  the  pressures  for  the 
four  explosives  at  any  point  of  the  bore;  but  for  the  purpose  of 
applying  these  resxdts  to  other  guns  I  give  in  the  annexed  table  for 
different  densities  of  the  products  of  explosion  (1)  the  pressure  which 
has  been  determined  in  a  closed  vessel,  (2)  the  pressure  at  the  same 
density,  which  has  been  found  to  exist  in  the  bore  of  the  4*  7-inch 
gun  where  the  gases  have  been  expanded,  doing  work  on  the  pro- 
jectile. 
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Comparison  of  Pressures  in  Closed  Vessel  with  those  in  4*  7-inch 

Q.F.  Gun. 


1 

Pebble  powder. 

Amide  powder. 

DenBiij. 

Pressure. 

Density. 

Pressure. 

In  closed 
ressel.* 

In  gun. 

In  closed 
yessei. 

In  gun. 

0-65 
0-60 
0-55 
0-50 
0-45 
0-40 
0-35 
0-30 
0-25 
0-20 
0-15 
0-10 

17-68 

15-55 

13-62 

11-85 

10-23 

8-73 

7-85 

6-07 

4-88 

3-77 

2-73 

1-76 

15-82 
14-55 
11-84 
9-31 
8-12 
7-00 
6-11 
6-21 
4-20 
2-95 
1-82 
0-70 

0-55 
0-50 
0-45 
0-40 
0-35 
0-30 
0-25 
0-20 
0-15 
0-10 

25-50 

22-00 

19-10 

16 '50 

14-00 

11 '90 

9-80 

7-75 

6-00 

3-55 

15-50 

18-75 

12  10 

10-00 

8-34 

7-05 

5-88 

4-55 

3-10 

1-32 

BaUistite. 

Cordite. 

0-26 
0-24 
0-22 
0-20 
0-18 
0-16 
0-14 
0  12 
0-10 
0  08 
0-06 
0-05 

20-80 

19-00 

17-10 

15-30 

13-40 

11-70 

10-00 

8-40 

6-60 

5-00 

3-50 

2-80 

13-45 

12-70 

11-83 

10-77 

9-75 

8-70 

7-50 

6-52 

5-29 

4-08 

2-54 

1-64 

0-26 
0-24 
0-22 
0-20 
0-18 
0-16 
0-14 
0-12 
0-10 
0  08 
0  06 
0  05 

.     21 -75 

19-80 

17-90 

16-00 

14-20 

12-30 

10-50 

8-70 

7-10 

5-40 

3-80 

8-00 

12-50 

11-95 

11-28 

10-60 

9-85 

9-10 

8  16 

7-08 

5-70 

4-01 

2-33 

1-57 

It  must  be  understood  that  the  differences  existing  between  the 
close- vessel  pressures  and  the  pressures  observed  in  the  bore  at  the 
higher  gravimetric  densities  are,  in  great  measure,  due  to  the  explo- 
sive at  these  densities  not  being  fully  consumed.  An  examination  of 
the  results  obtained  would  lead  to  the  conclusion  that  with  the 
particalar  size  of  cordite  employed  tolerably  complete  combustion 
cannot  be  assumed  to  have  taken  place  until  the  projectile  has 
travelled  some  6  or  7  feet  through  the  bore.  Indeed,  if  the  size  of 
cordite  fired  in  this  gun  be  even  slightly  increased,  a  portion  of  the 
cordite  is  blown  from  the  muzzle  unbumed,  and  it  is  one  of  the  most 

•  *  Phil.  Trans.,*  Part  1, 1875,  p.  129. 
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striking  proofs  of  the  regular  combnstion  of  the  explosive  that  in  all 
such  recovered  cordite  the  diameter  is  so  uniformly  decreased  that  it 
might  readily  be  mistaken  for  newly- manufactured  cordite  of  smaller 
dimensions. 

I  now  make  a  comparison  between  the  pressures  given  by  cordite 
as  shown  on  curve  B  (see  fig.)  and  those  obtained  from  crusher 
gauges.  To  facilitate  this  comparison  I  have  added  to  the  pressure 
curves  I  have  described  a  curve  showing  the  pressures  developed  by 
cordite  when  fired  in  a  close  vessel,  and  I  have  further  added  the 
results  of  five  rounds  of  cordite  fired  for  the  Explosives  Committee 
in  the  crusher-gauge  gun,  the  pressure  oi  each  individual  round  at 
each  point  of  observation  being  indicated. 

The  sample  of  cordite  used  in  these  experiments  was  not  of  the 
same  make  as  that  employed  in  my  own.  The  pressures  given  on  the 
axis  of  y  denote  those  taken  in  the  powder  chamber,  and  are  compar- 
able with  the  crusher-gauge  pressures  I  have  given  as  derived  from 
my  own  experiments.  It  will  be  observed  that  the  mean  chamber 
pressure  indicated  is  two-  or  three-tenths  of  a  ton  higher  than  that 
I  obtained ;  but  it  will  be  further  observed  that  if  I  attempt  to  draw 
a  pressure  curve  through  the  mean  of  the  crusher-gauge  observation, 
such  curve  would  indicate  pressures  far  higher  than  are  necessary 
and  sufficient  to  develop  the  work  impressed  on  the  projectile. 

Again,  the  pressures  indicated  after  the  projectile  has  moved 
1  foot  are  about  2  tons  per  square  inch  higher  than  those  observed  in 
the  powder  chamber,  and  it  will  be  further  noticed  that  not  only  are 
these  observations,  at  all  events  at  certain  points,  considerably  too 
high,  but  they  exhibit  in  the  forward  part  of  the  bore  variations 
quite  unknown  when  the  pressures  are  taken  in  the  powder  chamber. 

Thus,  in  the  particular  experiments  I  am  discussing,  the  mean 
pressure  in  the  powder  chamber  being  about  13*5  tons,  the  extreme 
variation  in  the  five  rounds  amounts  only  to  about  1^  tons  per  square 
inch,  while  the  crusher  gauge  placed  in  the  chase  at  a  point  about 
8|  feet  from  the  seat  of  the  shot,  gave  in  the  same  number  of  rounds 
an  extreme  variation  of  3  tons  per  square  inch,  the  mean  pressures 
being  only  about  4  tons,  and  it  will  further  be  noted  that,  while  some  of 
the  rounds  indicated  pressures  below  those  deduced  by  the  method  I 
have  described,  other  rounds  at  the  same  point  indicated  pressures 
even  exceeding  those  which  would  have  existed  under  the  same  gravi- 
metric densities  in  a  close  vessel.  It  may  also  be  noted  that  from  the 
crusher- gauge  experiments,  round  5  should  have  given  the  lowest 
muzzle  energy  of  the  series  ;  as  a  matter  of  fact  it  gave  the  highest. 

My  conclusion,  therefore,  is  that,  although  crusher  gauges  placed 
in  the  chase  may,  and  doubtless  do,  give  valuable  comparative  results, 
they  cannot  be  relied  on  for  absolute  determinations,  unless  confirmed 
by  observations  altogether  independent  in  their  nature. 

VOL.    LIl.  >L 
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X.  "The  Reserve  Proteid  of  the  Asparagus  Boot."  By  S.  H. 
Vines,  F.B.S.,  and  J.  R.  Green,  M.A.,  F.L.S.  Received 
June  10,  1892. 

The  object  of  research  was  the  determination  of  the  nature  of  the 
substaDce,  presumably  a  proteid,  from  which  is  formed  the  asparagin 
which  is  so  abundantly  present  in  the  young  shoots  of  the  plant  in 
the  spring.  The  researches  were  carried  on  during  the  springs  of 
1891  and  1892,  and  results  have  been  obtained  which  are  suflBciently 
definite  for  publication. 

Microscopical  Observations. — When  a  transverse  section  of  a  fresh 
root,  taken  from  the  plant  while  in  a  state  of  winter- rest,  is  mounted 
in  alcohol  on  a  slide,  and  is  at  once  examined  with  the  microscope, 
some  of  the  parenchymatous  cortical  cells  are  seen  to  contain  rela- 
tively large  masses  of  irregular  shape.  When  water  is  run  under  the 
cover-slip  these  masses  at  once  dissolve.  From  their  general  appear- 
ance and  their  reaction  with  iodine  these  masses  probably  consist  of 
some  form  of  proteid. 

Ohemical  Observations, 

a.  Watery  Extract. — The  watery  extract  was  made  by  pounding 
the  fi*esh  root  in  a  moHar  with  distilled  water  (generally  100  c.c. 
water  to  100  grams  root),  and  straining  off  and  filtering  the  liquid. 
The  resulting  extract  was  faintly  yellow,  slightly  opalescent,  and 
feebly  acid.  On  boiling  it  gave  a  dense  precipitate,  which  gave  a 
good  xanthoproteic  reaction,  thus  indicating  its  proteid  nature.  The 
liquid  filtered  off  from  the  precipitate  gave  a  faint  xanthoproteic 
reaction.  In  some  experiments  the  extract  was  carefully  neutralised 
with  ammonia  to  precipitate  the  phosphates,  and  then  some  common 
salt  (NaCl)  was  added  to  throw  down  a  substance  of  unknown  nature 
but  not  a  proteid,  the  presence  of  which  was  detected  at  an  early 
stage  in  the  investigation ;  the  neutral  liqnid  then  filtered  off  gave 
only  a  turbidity  on  boiling;  when  the  liquid  was  made  slightly 
alkaline  the  same  result  was  given ;  but  in  both  cases  when  the 
extract  was  made  faintly  acid  a  good  precipitate  was  obtained  on 
boiling.     The  coagnlation  point  was  determined  to  be  71 — 73**  C. 

The  watery  extract  gave  a  good  xanthoproteic  reaction;  a  fairly  good 
reaction  with  Millon's  reagent ;  no  satisfactory  reaction  with  acetic 
acid  and  potassic  ferrocyanide  or  with  potassic  hydrate  and  copper 
sulphate. 

When  alcohol  in  excess  was  added  there  was  a  dense  precipitate 
which  at  first  was  soluble  again  in  water,  but  which  became  for  the 
most  part  insoluble  if  allowed  to  remain  for  some  time  in  contact 
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with  tlie  alcohol.  This  precipitaie  when  snspended  in  water,  after 
prolonged  contact  with  alcohol,  gave  a  good  xanthoproteic  reaction. 

When  the  watery  extract  was  allowed  to  drop  into  a  tall  jar  con- 
taining distilled  water,  there  was  no  precipitation  or  turbidity. 
Similarly,  when  some  of  the  extract  was  diluted  with  fifteen  timos  its 
volume  of  distilled  water,  and  a  stream  of  CO3  was  passed  through 
the  liquid  for  1 — 6  hours,  no  turbidity  was  apparent. 

When  some  of  the  extract  was  subjected  to  dialysis  in  a  stream  of 
running  water  for  four  days,  and  the  dialysis  afterwards  continued 
for  two  days  in  large  excess  of  distilled  water,  a  finely  granular  pre- 
cipitate was  formed  in  the  dialyser,  which  when  filtered  off  gave  no 
xanthoproteic  reaction,  whilst  the  filtrate  still  coagulated  at  71°  C. 

The  proteid  was  therefore  soluble  in  distilled  water,  being  thrown 
down  neither  by  dilution  nor  dialysis. 

Portions  of  the  extract  were  shaken  up  to  saturation  for  some  days 
with  crystals  of  the  following  neutral  salts :  NaCl,  MgSO^,  MgSO^ 
and  Na,S04,  (NH^XSO*. 

With  NaCl  there  was  a  slight  precipitation  of  the  proteid,  but  the 
greater  part  of  it  remained  in  solution. 

With  MgSOi  there  was  a  more  copious,  but  still  incomplete,  pre- 
cipitation of  the  proteid :  on  saturating  the  filtrate  with  NaiSOi 
no  further  precipitate  fell. 

With  (NH4)2S04,  when  the  saturation  was  continued  for  a  month, 
the  whole  of  the  proteid  was  precipitated. 

h.  Salt  Solution  Extract. — This  extract  was  prepared  by  using  10 
per  cent,  solution  of  NaCl  instead  of  distilled  water,  as  in  the  former 
exp>oriments.  The  reactions  were  generally  the  same  as  those  g^ven 
by  the  watery  extract;  but  the  undetermined  substance,  which  is  pre- 
cipitable  by  salt,  was  present  in  much  smaller  quantities,  and  the 
precipitates  of  proteid  were  less  bulky  than  those  given  by  the 
watery  extiuct. 

Concltuions  as  to  the  Proteid. — It  appears  from  the  foregoing  ex- 
periments that  the  root  of  the  asparagus  contains  a  single  reserve 
proteid.  Inasmuch  as  it  is  readily  soluble  in  distilled  water,  it  is 
essentially  an  albumin ;  at  the  same  time,  its  reactions  with  neutral 
salts  indicate  a  relationship  to  the  globulins  which  is  not  manifested 
by  the  animal  albumins.  However,  proteids  other  than  globulins  are 
precipitated  on  saturation  of  their  solutions  with  neutral  salts ;  thus 
Schafer*  and  Halliburtonf  have  both  shown  that  serum-albumin  is 
completely  thrown  down  on  double  saturation  with  magnesium  and 
sodium  sulphates,  and  Kiihne  and  Chittenden^  have  found  that  the 

•  *  Journal  of  Physiology,'  vol.  3, 1882,  p.  184. 
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albumoses  are  precipitated  by  NaCl  from  their,  in  some  cases  neutral, 
in  others  faintly  acid,  solutions. 

Besides  the  proteid  we  have  found  three  undetermined  substances 
in  the  extracts,  neither  of  which  is  proteid.  The  first  of  these  (1)  is 
the  substance  which  is  present  in  considerable  quantity  in  the  watery 
extract,  and  which  is  precipitated  on  adding  a  small  amount  of  salt. 

(2.)  When  a  portion  of  the  first  extract  is  freed  from  proteid  by  boil- 
ing, and  then  the  filtrate  poured  into  alcohol,  a  precipitate  is  formed, 
fairly  copious  but  much  less  than  that  formed  when  the  unboiled 
extract  is  similarly  neutral,  as  described  above.  This  remains  soluble 
in  water  after  prolonged  action  of  the  alcohol,  but  the  solution  gives 
no  xanthoproteic  reaction. 

(3.)  When  the  alcohol  is  evaporated  to  dryness  a  sticky  residue  is 
left,  which  also  is  soluble  in  water,  and  its  solution  gives  a  fair  xantho- 
proteic reaction.  This  is  not  proteid,  however,  as  it  is  soluble  in 
alcohol.  This  substance  can  be  extracted  from  the  fresh  extract  by 
dialysing  it  in  distilled  water.  On  concenti*ating  this  dialysate  a 
similar  sticky  residue  is  obtained.  In  several  cases  this  brown,  sticky 
mass  deposited  crystals  of  rounded  form,  much  resembling  in  appear- 
ance the  well-known  aggregations  of  leucin.  They  were  not  leucin, 
however,  ets  besides  being  soluble  in  cold  alcohol  they  did  not  give 
the  characteristic  Scherer's  reaction,  nor  did  they  form  a  compound 
with  the  acetates  of  lead  or  zinc.  It  is  not  improbable  that  this 
third  undetermined  substance  may  be  allied  to  leucin,  asparagin, 
<&c.,  but  onr  observations  on  it  are  as  yet  incomplete. 


XI.  " Note  on  the  Structure  of  Rhabdopleura'^  By  G.  Herbert 
Fowler,  B.A.,  Ph.D.,  Assistant  in  the  Zoological  Labora- 
tory of  University  College,  London.  Communicated  by 
Prof.  W.  F.  R.  Weldon,  F.RS.    Received  June  13,  1892. 

The  specimens  investigated  were  attached  to  a  colony  of  Lophohelia, 
obtained  by  the  "  Challenger  "  Expedition  at  Nightingale  Island, 
f  I  cm  a  depth  of  100 — 160  fathoms.  I  owe  to  Mr.  John  Murray  my 
thanks  for  his  courtesy  in  allowing  me  to  publish  my  notes  on  the 
stiucture  of  this  interesting  form,  in  which  I  hoped  that  the  improved 
methods  of  microscopical  research  introduced  in  recent  years  might 
reveal  points  which  bad,  perhaps,  escaped  the  two  observers  to  whose 
study  of  the  living  animal  we  owe  our  present  knowledge  of  Ehahdo- 
pleura. 

All  the  new  anatomical  features  which  I  have  been  able  to  detect 
are  in  entire  agreement  with  the  structure  of  Ge-phalodUrus ;  Bhahdo- 
pleura  may  thus  be  taken  to  form  a  third  member  of  Bateson's  order, 
the  Hemichordata.     They  are,  briefly,  as  follows : — 
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The  epistome  correiponds  to  the  proboscis  of  Balanoglotaun  and 
Cepltaiodiimu,  and,  like  them,  containB  a  portion  of  the  ooslom,  the 
aaterior  or  pra-oral  body  cavity,  completely  shut  off  from  the  other 
portione  of  the  coelom. 

The  collar  region  (thorax  of  Lankester)  contains  the  central  section 
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of  the  eoelom,  divided  into  right  and  left  halves  by  median  septa, 
each  half  communicating  with  the  exterior  by  means  of  its  own 
collar  canal;  on  the  posterior  face  of  this  cavity  is  an  ectodermal 
thickening,  which  con-esponds  in  pasition  with  the  nerve-plate  of 
Cephalodiscas  and  the  nerve-tube  of  Balanogwmt^.  The  collar  cavi- 
ties are  continued  upwards  into  the  tentacles,  and  surround  the 
mouth.  From  the  pharynx  a  short  diverticulum  is  given  off  upwards, 
which  is  continuous  with  a  rod-like  structure,  apparently  half 
cellular,  half  gelatinoid,  which  lies  in  the  line  along  which  the 
median  posterior  septum  of  the  collar  meets  the  nearly  vertical 
septum  between  proboscis  and  collar  cavities.  It  thus  corresponds  in 
origin,  structare,  and  position  with  the  notochord  of  Cephalodiscus, 

The  trank  contains  the  greater  part  of  the  alimentary  canal.  Its 
body  cavity,  as  in  the  other  Hemichordata,  appears  to  be  completely 
shut  off  from  the  paired  cavity  of  the  collar.  The  only  part  of  the 
intestine  calling  for  remark  is  a  short  semicircular  diverticulum, 
which  occurs  also  in  Cephahdiscus. 

The  points  in  which  Bhabdopleura  differs  from  both  the  other 
Hemichordata  are  purely  negative,  viz.,  the  absence  of  a  proboscis 
pore  or  pores,  and  the  absence  of  gill-slits ;  the  points  of  agreement 
are  so  striking  that  it  is  impossible  to  separate  the  three  organisms. 

A  more  fully  illustrated  paper  on  the  subject  will  shortly  be 
published. 

DESOKIPTION  OF  FiaUBES. 

TiQ,  1. — Longitudinal  section,  taken  slightly  to  one  side  of  the  middle  line,  so  as  to 
aroid  the  median  septa  of  the  collar  region.    The  dotted  line  e  marks  the 
yentral  limit  of  the  collar. 
Fia.  2. — IVansTcrse  section  along  the  line  c — d  in  fig.  1,  through  probosdls  stalk 

and  upper  part  of  collar,  and  cutting  the  base  of  a  tentacle  of  one  side. 
Fio.  3. — Transyerse  section  along  the  line  a — b  in  fig.  1,  showing  the  external 
opening  of  one,  the  internal  opening  of  the  other,  collar  canal. 
In  all  three  figures  the  mesoderm  is  represented  by  a  thick  line,  the  ectoderm 
and  endoderm  by  thin  lines.  The  gelatinoid  part  of  the  notochord  is  marked  by 
cross-hatching;  its  cellular  part  has  not  been  distinguished  from  ectoderm  or 
endoderm ;  b.c.^,  pne-oral  eoelom,  or  proboscis  cayity ;  6.c.*,  eoelom  of  the  collar  diyided 
b  V  the  median  septa  into  right  and  left  halves ;  6.r.',  eoelom  of  the  trunk  ;  c.c,  canals 
leading  from  the  collar  cayities  to  the  exterior. 


XII.  "  On  the  Flask-shaped  Ectoderm  and  Spongoblasts  in  one 
of  the  Keratosa."  By  George  Bidder.  Communicated 
by  Adam  Sedgwick,  M.A.,  F.R.S.   Received  June  15,  1892. 

In  my  "  Note  on  Excretion  in  Sponges,"  published  by  the  Society 

in  the  *  Proceedings '  of  this  year,  I  said :  "  Both  from  my  own  ob- 

scrvations   on    an   AplysdUa  (?)     .     .     :     ,     and   from   a  study  of 
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Schulzo*s  detailed  description  ....  porticalarlj  in  Euspongia, 
I  am  persuaded  that  the  ectoderm  cells  of  the  horny  sponges  are  of 
the  same  form  and  character  as  those  in  the  Homocoela/'  By  a  piece  of 
good  fortune  I  am  now  able  to  state  that  this  is  so.  In  a  sponge 
found  at  Naples,  which  appears  to  me  to  correspond  fairly  with 
O.  Schmidt's  Cdcospongia  scalaris,  the  ectodermal  elements  are  quite 
plainly  to  be  seen  even  with  a  low  power ;  indeed  in  the  specimen 
examined  their  arrangement  is  more  regular,  invariable,  and  easy  to 
observe  than  in  any  sponge  that  I  have  yet  investigated. 

Fio.  1. 
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Ectoderm  Cells  of  Caco$pongia^  tp. 

The  oell-bodies  are  shown  fooussed  through  the  silrer-lines ;  the  neck  of  each 
cell  lies  towards  the  upper  part  of  the  figure ;  it  is  at  the  same  focus  as  the  silver 
area,  in  the  middle  of  which  its  granules  he  on  the  outer  surface. 

Dilute  osmic  acid,  followed  by  nitrate  of  potash  and  niitrate  of  silver. 


The  cells  in  question  are  of  a  flask-shaped  form,  very  slender,  elon- 
gated, and  thin-necked.  I  have  been  able  most  successfully  to  de- 
monstrate their  relations  to  the  silver  areas  (fig.  1),  to  prove  without 
doubt  that  they  open  on  the  surface  in  the  centre  of  those  areas 
and  not  in  any  interstices  between  them,  to  prove  also  equally  witl.- 
out  doubt  that  each  silver  area  has  no  nucleus  connected  with  it 
except  the  one  lying  in  the  base  of  the  pendent  cell  body  ('*  subdermal 
gland-cell "  of  authors),  and  thus  to  justify  completely  the  inability 
of  Schulze  and  other  trustworthy  investigators  to  find  nuclei  at  a 
more  superficial  level,  where  the  *'  flat  epithelium"  was  usually  sup- 
posed to  exist. 

In  this  sponge  the  spongoblasts  of  the  primary  fibres  form  a  con- 
tinuous tissue  with  the  ectoderm  cells  and  resemble  them  indistin- 
guishably  both  in  form  and  character ;  a  brief  discussion  of  previous 
observation  on  this  point  will  be  found  in  the  paper  already  quoted.  It 
is  nearly  impossible — at  least,  for  my  inexperience-^— to  give  the  effect 
of  a  three-dimensional  preparation  except  by  a  most  elaborate  draw- 
ing, but  the  outlines  given  in  figs.  2  and  3  will  render  some  idea  of 
the  appearances  on  which  I  base  this  statement.     The  v\xi^^^*e^\sy^ 
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SpoDgoblssts  npsr  the  apex  of  t,  coniilus  of  Caeotpongia  ip.     (Pociu  n< 
profile  of  the  fibre.    Slightly  nnaller  «cale  than  fig.  2.) 


s.  2  and  3  are  from  the  ai 
ae,  aod  gl;n:eriae. 


e  preparation,  prepared  with  c 


given  is  that  the  apex  of  a  conalns  is  a  locns  of  attraction  for  ecto- 
derm  ceJk,  and  that  the  fibre  is  nothing  more  than  the  concentrated 
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cuticle  of  a  large  number  of  Buch  cells  poured  out  (in  this  sponge) 
around  an  intrusive  foreign  object. 

I  referred  (loc,  cit.),  as  if  well  known,  to  the  "hexagonal  markings 
of  the  homy  fibre."  I  cannot,  however,  find  any  mention  of  them  in 
the  literature  of  the  subject,  except  by  Pol^jaefF  (*  Keratosa,'  p.  70). 
As  he  there  describes  them  as  an  exceptional  structure,  and  as  I  find 
them  not  nearly  so  easily  to  be  made  out  in  Cacospongia  as  in  Aplysilla^^ 
it  is  possible  that  they  have  hitherto  escaped  notice.  They  are  fine 
black  lines,  having  the  exact  appearance  of  the  network  on  the  surface 
of  an  epithelium,  and  I  regard  it  as  beyond  doubt  that  they  mark  the 
lines  of  contact  between  the  expanded  secreting  ends  of  the  spongo- 
blasts. 

An  interpretation  of  the  histology  of  Ascetta  clathruSy  differing  con- 
siderably from  mine,  appears  in  the  '  Zoologischer  Anzeiger,'  No.  391, 
for  this  year.  It  would  be  under- valuing  Mr.  Minchin's  researches 
to  attempt  serious  comment  on  them  until  I  have  had  the  opportunity 
of  re-examining  my  preparations  in  the  light  of  his  conclusions.  How 
far  his  theory  of  a  contractile  ectoderm  may  be  applicable  to  such  an 
extreme  form  as  that  found  in  Cacospongia  is  a  matter  demanding 
the  gravest  consideration.f 

The  newly-established  points  on  which  we  find  ourselves  in  agree- 
ment are :  (1)  The  pores  of  Ascetta  clathrus  are  composed  each  of  a 
single,  nucleate,  perforated  cell ;  these  cells  have  by  various  authors 
been  mistaken  for  mesoderm  cells.  (2)  The  ectoderm  is,  in  life,  in  a 
large  part  composed  of  cells  which  are  roughly  f  "shaped  in  section, 
the  nucleus  lying  at  the  base  of  the  stalk  of  the  "f  • 

On  a  minor  and  not  very  novel  point  we  are  in  agreement  as  to 
there  being,  at  any  rate  commonly,  at  least  one  vacuole  in  the  distal 
part  of  the  collar  cell,  frequently  containing  shapeless  particles.  As 
to  our  differences,  I  am  undecided  wKether  Minchin's  mesodermal 
"  potato-shaped  wandering  cell,  of  greenish-yellow  colour,"  is  what  I 

*  The  determination  of  these  sponges  must  be  taken  with  fesdrve ;  the  fear  of 
angels  to  tread  among  Keratose  genera  makes  me  postpone  as  far  as  possible  my 
first  step !  Both  species  are  found  in  the  Bay  of  Naples.  The  "  Cctcospongia  **  is 
firm,  massire,  somewhat  incrusting,  conulate,  with  conspicuous  antler-like  primary 
fibres,  heayily  cored  with  foreign  bodies ;  the  delicate  secondaries  show  in  their 
axis  fine  black  spots;  skin  black,  pulp  white.  **  Aplynlla*'  corresponds  in  general 
description  with  Schmidt's  Aplysina  aerophoha,  the  yellow  crust  bearing  vertical 
twig-like  prominences,  mostly  supported  by  a  single  fibre  ;  under  unhealthy  condi- 
tions, the  liring  part  of  the  prominences  contracts  up  the  fibre  like  a  bud.  In  the 
axis  of  the  fibre — at  least  in  one  specimen — 1  have  observed  a  row  of  indubitable 
cells,  amoeboid  in  appearance ;  presumably  they  are  what  Lendenfeld  has  described 
as  "  spongoklasts.*' 

t  It  is  obvious  that  the  presence,  as  in  this  sponge,  of  a  fairly  strong  cuticle,  even 
though  it  be  "  elastic  "  (Schulze),  renders  it  much  more  difficult  to  assume  that  the 
form  of  the  cells  has  been  produced  by  their  contraction.  (July  15. — The  continuity 
with  the  spongoblaats  greatly  increases  the  difficulty  of  vucVi  vii\iy^>^«vv%^ 
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call  a  MetschnikofP  cell  or  not.  I  consider  the  natural  form  of  active 
collar  cells,  in  this  as  in  other  sponges,  as  being  more  separated  in 
their  upper  parts  than  in  his  figures,  a  large  part  of  the  surface  of 
the  cell  being  washed  by  the  water ;  this  area  behind  the  collar  I 
have  always  regarded  as  the  ingestive  surface.  Mr.  Minchin  believes 
that  he  has  obtained  evidence  that  the  ectoderm  cells  really  push 
their  way  to  the  endoderm ;  holding  the  views  I  do  as  to  excretion,  I 
shall  be  very  glad  if  re-investigation  causes  me  to  admit  this  correc- 
tion. 

Apart  from  our  common  ground,  1  have  made  the  indigo-carmine 
experiments  with  which  the  Society  has  been  acquainted,  and  Minchin 
has  made  his  valuable  observations  on  the  changes  in  form  of  the 
epithelium  surrounding  the  oscula  of  Asceita  clathrus.*  Whatever 
weight  should  be  attached  to  these  two  factors  in  deciding  the 
meaning  and  function  of  the  flask-shaped  epithelium,  I  wish  to 
establish  the  undoubted  presence  of  such  a  structure  in  Cacospongiai 
and  presumably  in  all  Porifera.  Examining  Cacospongia^  and  com- 
paring Merejkovsky's  figure  of  Haliaarca^  any  one  will  be  convinced 
that  this  is  the  true  explanation  of  the  puzzling  appearances  seen 
by  various  authors  on  the  outer  surface  of  other  sponges — I  would 
take  as  examples,  among  very  many,  Schulze  on  Halisarca  Dujardini 
and  Chondrosia  reniforviiSf  Pol6jaeff  on  Janthellay  SoUas  on  Stelletta 
Normani  and  Isops  Phlegrcsi,  Vosmaer  on  Tentorium  (Thecophora)  and 
the  Urva  of  Myxilla,  Vosmaer's  figure  of  Myxilla  (fig.  8,  PI.  XIV), 
unites  with  MetschnikofP's  of  the  young  Ballsarcay  to  show  that 
the  fiask- shaped  cells  appear  at  the  earliest  stages,  and  are  probably 
formed  by  direct  metamorphosis  from  the  columnar  epithelium  of  the 
free  larva.  On  the  other  hand,  the  direct  observations  of  flat  epithe- 
lium on  the  outer  surface  are  strikingly  few.f 

I  hold  that  it  may  take  *rank  as  an  established  fact  that  in  all 
groups  of  sponges  the  flask-shaped  epithelium  does  occur.  It  must 
be  recognised  that  the  structure  we  are  to  expect  to  find  on  the 
exterior  of  any  sponge  is  a  zone  of  hyaline  tissue  traversed  by  necks 
which  unite  the  centre  of  each  silver  area  to  the  nucleus  and  cell- 
body  pertaining  to  it.  This,  whatever  be  its  physiological  explana- 
tion, is  the  structure  most  commonly  to  be  met  with,  and  not  a  flat 
epithelium,  such  as  clothes  the  canals. 

And  I  believe  that  these  cells  are  excretory,  and  identical  with  the 
spongoblasts. 

•  I  should  say  that  I  can  support  the  figure  he  gives  as  being  an  accurate  repre- 
sentation of  transitions  in  form  of  epithelial  cells  to  be  met  with  in  all  the  Calearea. 
I  have  hitherto  ascribed  to  them  an  entirely  different  significance— that  where  the 
Willi  is  tliin,  the  special  elongated  flask-shaped  form  of  cell  is  not  required  for 
excretion. 

t  The  descriptions  of  flat  epithelium — generally  flagellate — by  R.  v.  Lendenfeld 
are  numerous  and  detailed.    I  attach  no  credit  to  them. 
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XIII.  "Contributions  to  the  Anatomy  of  Fishes.  II.  The  Air- 
Bladder  and  Webeiian  Ossicles  in  the  Siluroid  Fishes." 
By  T.  W.  Bridge,  M.A.,  Professor  of  Zoology  in  the  Mason 
College,  Birmingham,  and  A.  C.  Haddon,  M.A.,  Professor  of 
Zoology  in  the  Royal  College  of  Science,  Dublin.  Com- 
municated by  Professor  Newton,  F.R.S,  Received  June  9, 
1892. 

(Abstract.) 

An  abstract  of  the  first  part  of  this  memoir,  which  dealt  with  the 
stmctare  and  relations  of  the  air-bladder  and  Weber's  ossicles  in  the 
SilnridaB,  was  published  in  the  Proceedings  of  this  Society  three  years 
ago  (*Roy.  Soc.  Proc.,' vol.  46,  1889,  pp.  309—328).  The  present 
contribution  is  a  discnssion  of  the  physiology  not  only  of  this  remark- 
able mechanism,  bnt  of  the  air-bladder  in  general. 

There  is  a  strong  a  'priori  probability  that  the  Weberian  mechanism 
is  physiologically  related  to  one  of  the  several  functions  that  have 
been  ascribed  to  the  auditory  organ  or  to  the  air-bladder,  bat  to  which 
of  them  is  a  question  by  no  means  easy  to  answer.  A  preliminary 
difficulty  to  be  encountered  is  the  complex  physiological  character  of 
the  two  organs,  and,  apart  from  our  imperfect  knowledge  of  the 
pliysiology  of  the  several  frinctions  assigned  to  each,  and  especially  in 
the   case  of  the  auditory  organ  of  Fishes,  a  fuxt^^^ic  ^\^^\i^\^  Ns^ 


140  Profs.  T.  W.  Bridge  and  A.  C.  Haddon.     [June  16, 

afforded  by  the  almost  total  absence  of  any  experimental  evidence 
directly  bearing  on  tbe  physiological  signiticance  of  the  Weberian 
ossicles ;  and  while  we  desire  to  emphasise  the  danger  of  deducing 
f anction  from  facte  of  a  purely  anatomical  nature,  no  other  course 
has  yet  been  adopted  by  previous  writers  on  this  subject,  and  at 
present  is  the  only  one  open  to  us ;  consequently,  any  conclusions 
based  upon  data  so  frequently  unreliable  and  misleading  must  partake 
rather  of  the  nature  of  suggestions,  and  be  accepted  with  considerable 
reserve.  With  the  qualifications  rendered  necessary  by  these  con- 
siderations, some  light  may  possibly  be  thrown  on  this  difficult 
problem  by  a  careful  inquiry  as  to  how  far  the  Weberian  ossicles  and 
the  coadapted  parts  of  the  air-bladder  and  auditory  organ  are 
anatomically  fitted  to  act  as  subsidiary  or  accessory  structures  in 
connection  with  any  of  tbe  several  functions  assigned  either  to  the 
air-bladder  or  auditory  organ,  while  unsuited  for  association  with 
others.  By  this  means  it  may  at  least  be  possible  to  eliminate  certain 
functions  from  any  further  consideration,  and  thereby  donsiderably 
narrow  the  scope  of  future  inquiry. 

With  this  object  we  propose  to  discuss  (I)  how  far  the  function  of 
the  Weberian  mechanism  is  conditioned  by  the  anatomical  structare 
of  the  air-bladder  and  auditory  organ,  as  well  as  by  the  character  of 
the  mechanism  itself;  (II)  to  which  of  the  known  functions  of  the 
air-bladder  and  auditory  organ  the  Weberian  ossicles  are  to  be  re- 
garded as  accessory  structures ;  and  (III)  the  utility  of  the  mechanism 
to  the  Fish  possessing  it.  . 

I.  In  all  the  SiluridaB  normales  the  air-bladder  maybe  regarded  as 
consisting  of  two  intercommunicating  but  physiologically  distinct 
portions — a  posterior,  represented  by  the  two  lateral  compartments, 
which  is  indistensible  and  inelastic,  atjd  always  of  greater  internal 
capacity,  and  an  anterior,  which  is  (always  more  or  less  elastic 
and  expansible,  but  of  less  internal!  capacity  than  the  former. 
The  distensibility  of  the  anterior  chamber  is,  however,  by  no 
means  uniform  in  all  directions ;  on  the  contrary,  the  peculiar 
construction  of  the  chamber  and  its  intimate  relations  and  con- 
nections with  neighbouring  skeletal  structures  render  it  absolutely 
inexpansible  except  laterally,  that  is,  in  a  direction  at  right  angles 
to  its  antero-posterior  axis;  and  from  the  mode  in  which  the 
fibres  forming  the  lateral  walls  of  the  chamber  converge  in  the 
dorsal  wall,  and  become  inserted  into  the  crescentic  processes  of  the 
tripodes,  it  becomes  still  more  obvious  that  it  is  only  by  inward  or 
outward  bulgings  of  the  lateral  walls  that  variations  in  the  internal 
condition  of  the  air-bladder  are  able  to  set  the  Weberian  ossicles  in 
motion.  It  is  scarcely  necessary  to  point  out  that  by  this  restriction 
of  the  expansion  or  contraction  of  the  anterior  chamber  to  movements 
of  its  lateral  walls,  the  Weberian  ossicles  are  rendered  more  suscep- 
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tiblo,  and  therefore  capable  of  responding  to  emaller  variations  of 
internal  gaseous  tension  by  whatever  cause  produced  than  if  the 
anterior  chamber  were  equally  elastic  and  expansible  in  all  direc- 
tions. 

The  increased  delicacy  of  the  Weberian  mechanism  in  the  Silnridas 
normales,  as  compared  with  other  Ostariophyseae,  is  probably  the  cause 
of  the  extensive  anchylosis  of  the  anterior  vertebrsB,  and  their  rigid 
articulation  with  the  skull,  for  if  flexibly  articulated  with  one  another 
and  to  the  skull,  so  as  to  be  able  to  participate  in  the  lateral  flexion 
of  the  vertebral  column  in  ordinary  locomotion,  while  at  the  same 
time  the  vertebreB  and  their  processes  retained  their  intimate  re- 
lations with  the  air-bladder,  the  anterior  chamber  and  Weberian 
ossicles  could  hardly  fail  to  be  affected  by  muscular  compression. 
Hence,  anchylosis  of  the  anterior  vertebrsB  becomes  almost  a  necessity 
in  the  SiluridaB,  if  the  Weberian  mechanism  is  to  remain  unaffected 
by  the  more  or  less  violent  shocks  produced  by  muscular  contraction 
and  relaxation.  From  a  physiological  point  of  view,  it  may  be  noted 
in  connection  with  the  Weberian  OFsicles,  (a)  that  the  anterior  and 
crescentic  processes  of  the  tripodes  are  of  approximately  equal  length, 
and  hence  the  force  and  amplitude  of  all  movements  imparted  to  one 
extremity  will  be  exactly  reproduced,  without  augmentation,  at  the 
other ;  (6)  the  interposition  of  a  lax,  or  at  all  events  compressible, 
ligament  (interossicalar  ligament)  in  the  series  of  ossicles ;  and  (c) 
the  radimentary  and  functionless  condition  of  the  intercalarium. 

These  and  other  facts  suggest  the  conclusion  that  the  Weberian 
apparatus  is  far  better  adapted  to  register  the  more  forcible,  even  if 
more  gradual,  distensions  or  contractions  of  the  anterior  chamber, 
rather  than  slisrht  or  rapidly  recurring  vibrations  of  its  lateral  walls. 

Finally,  it  may  be  affirmed  that  no  differential  action  of  the  two 
auditory  organs  can  possibly  take  place,  at  all  events  so  far  as  im- 
pulses received  through  the  Weberian  mechanism  are  concerned, 
since  the  only  channel  through  which  any  movement  initiated  in  the 
fluids  of  the  atrial  cavities  by  the  motion  of  the  Weberian  ossicles 
can  reach  them  is  the  median,  unpaired  sinus  endolymphaticus  (the 
**  sinus  impar  "  of  Weber)  ;  hence  it  must  follow  that  each  auditory 
organ  will  be  affected  by  any  such  disturbances  to  an  equal  extent 
and  at  the  same  moment. 

II.  So  far  as  the  auditory  organ  is  concerned,  the  functions  of 
audition  and  equilibration  or  orientation  have  to  be  considered,  and 
for  the  air-bladder  those  oF  phonation  or  sound  production,  respira- 
tion, accessory  to  audition,  or  its  function  may  be  purely  hydrostatic. 

Certain  of  these  possible  functions  may  be  at  once  eliminated  from 
any  discussion  as  to  the  use  of  the  Weberian  mechanism.  Equilibra- 
tion may  be  dismissed,  inasmuch  as  there  can  be  no  differential  action 
of  the  two  auditory  organs.     The  absence  of  intrin&ic  TccQ&^T^Nad^c  ^>>o>c^'^ 


142  Profs.  T.  W.  Bridge  and  A.  C.  Haddon,     [June  16, 

in  the  walls  of  the  air-bladder,  of  extrinsic  mnscles  in  all  but  a  few 
genera  (Pimelodinas),  and  of  internal  vibratory  diaphragms,  or  other 
obviously  vocal  structures,  is  sufficient  to  prove  that  the  air-bladder 
takes  little  or  no  part  in  this  function,  at  all  events  by  any  of  the 
ordinary  methods  known  in  other  Fishes.  The  feeble  vascularity  of 
the  air-bladder  and  the  absence  of  any  inspiratory  or  expiratory 
mechanisms  are  serious  objections  to  its  use  as  an  ordinary  respiratory 
organ. 

In  many  Fishes  the  bladder  appears  to  have  a  secondary  relation 
to  respiration  by  acting  as  a  reservoir  for  the  superabundance  of 
oxygen  introduced  into  the  blood  by  the  gills,  which  can  be  re- 
absorbed when  required,  but  Moreau's  experiments  prove  that  those 
Fishes  provided  with  a  Weberian  mechanism  have  a  far  less  capacity 
for  absorbing  oxygen  from  the  air-bladder  than  other  Teleostei  have 
under  precisely  similar  conditions,  and,  further,  that  the  capacity  for 
oxygen  absorption  is  always  associated  with  the  presence  of  retia 
mirabilia  or  vaso-ganglia,  which,  as  our  investigations  prove,  are  in- 
variably absent  in  all  SiluridaB. 

Very  little  is  known  about  the  physiology  of  hearing  in  Fishes,  but 
we  are  unable  to  see  that  there  is  any  need  to  assume  that  the  con- 
ditions of  subaqueous  audition  are  very  different  to  those  in  air,  ex- 
cept in  so  far  as  the  physical  differences  in  the  conductivity  of  the 
respective  media  are  concerned.  Sound  vibrations  travel  much  more 
rapidly  in  water  than  in  air  and  to  far  greater  distances,  but  they  pass 
with  difficulty  from  water  to  air,  and  conversely.  Those  sound  vibra- 
tions which  are  too  feeble  to  produce  any  appreciable  effect  on  the 
external  surface  of  the  skull  when  they  pass  through  air  can,  never- 
theless, strongly  impress  the  ear  when  propagated  in  water  and  the 
head  of  the  observer  is  completely  submerged  (Colladon  and  Sturm)! 
Sound  waves  impinging  on  the  surface  of  a  Fish's  skull  would  there- 
fore be  readily  conveyed  to  the  perilymph  and  endolymph  of  the  ear, 
and  such  sounds  will,  in  all  probability,  be  heard  with  greater  rapidity 
and  from  greater  distances  than  could  possibly  be  the  case  under 
similar  conditions  in  air. 

The  strongest  objections  to  the  auditory  function  of  the  air-bladder 
and  Weberian  mechanism  (Weber's  theory)  are  to  be  found  in  the 
imperfections  of  the  apparatus.  If  vibrations  can  pass  at  all  from  the 
external  medium  to  the  gases  contained  within  the  air-bladder  the 
transmission  must  be  accompanied  by  a  considerable  loss  of  intensity, 
and  this  must  especially  be  the  case  in  those  OstainophysesB  in  which 
the  air-bladder  is  widely  separated  from  the  superficial  skin  by  the 
liver  and  other  organs  and  tissues.  In  many  SiluridaB  the  walls  of 
the  air-bladder  are  too  thick  to  admit  of  their  vibrating  synchronously 
with  rapidly  recurring  sound  waves.  The  inertia  of  the  ossicles  them- 
selvea,  and  the  interposition  between  them  of  a  compressible  ligament. 
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are  insuperable  objections  to  this  theory ;  and,  moreover,  the  Fish 
could  have  no  appreciation  of  the  direction  of  the  sounds  conveyed 
through  this  mechanism.  Finally,  it  may  be  affirmed  that,  contrary 
to  what  might  be  expected  if  so  complicated  a  structure  as  the 
Weberian  mechanism  is  an  accessory  to  audition,  there  is  absolutely 
no  evidence  of  the  existence  of  exceptional  powers  of  hearing  in  the 
Siluridsd  or  any  other  Ostariophysese.  For  these  reasons  we  conclude 
that  the  Weberian  ossicles  are  in  no  way  related  to  the  function  of 
hearing,  even  to  the  subordinate  and  qualified  extent  tacitly  suggested 
by  Hasse  and  Ramsay  Wright. 

The  only  remaining  view  is  that  the  ossicles  under  consideration 
are  accessory  \o  the  hydrostatic  function  of  the  air-bladder.  Moreau, 
and  later,  Charbonnel-Salle,  have  completely  refuted  the  older  theory 
of  this  function,  which  has  usually  been  associated  with  the  name  of 
Borelli.  Summarising  the  conclusions  which  the  experimental  re- 
searches of  these  authors  and  certain  other  facts  appear  to  warrant, 
it  may  be  affirmed  for  Fishes  in  general : — 

(a.)  The  function  of  the  air-bladder  is  to  render  the  Fish,  bulk  for 
bulk,  of  the  same  weight  as  the  medium  in  which  it  lives.  In  this 
mean  condition,  or  plane  of  least  effort,  the  Fish  acquires  a  capacity 
for  the  maximum  amount  of  locomotion  with  a  minimum  of  muscular 
efibrt. 

(6.)  In  its  movements  of  ascent  or  descent  the  Fish  becomes  exposed 
to  augmented  or  diminished  pressure,  which,  in  each  case,  varies  in 
amount  according  to  the  variable  height  of  the  superimposed  column 
of  water,  and  this  leads  to  an  expansion  or  contraction  of  the  air  in 
the  air-bladder,,  and  consequently  to  an  increase  or  diminution  in  the 
volume  of  the  Fish  itself,  and  thereby  to  a  corresponding  alteration 
in  its  specific  gravity,  which  may  temporarily  remove  the  animal  from 
its  normal  plane  of  least  effort. 

(c.)  The  Fish  has  no  power  of  varying  the  capacity  of  its  air-bladder 
by  direct  muscular  contraction,  and  its  readjustment  to  a  new  plane 
of  least  effort  results  from  a  g^radual  increase  or  decrease  in  the 
amount  and  volume  of  the  air  contained  within  the  air-bladder  to  an 
extent  proportional  to  the  new  pressure  and  due  to  a  corresponding 
modification  of  the  processes  concerned  in  the  secretion  or  absorption 
of  the  contained  gases.  Hence,  by  this  apparently  automatic  method 
of  adjustment,  the  Fish  will  find,  sooner  or  later,  and  whatever  may 
be  the  depth  of  the  water  and  the  amount  of  external  hydrostatic  or 
atmospheric  pressure,  a  plane  of  least  effort,  where  it  will  again  possess 
exactly  the  density  of  the  water. 

{d.)  That  Johannes  Miiller's  theory  of  the  displacement  of  the  centre 
of  gravity  upon  a  longitudinal  axis  in  the  case  of  Fishes  with  a  two- 
chambered  air-bladder  has  no  foundation  in  fact. 

(6.)  That,  despite  the  obvious  advantages  wkicVi^Ti  ^\t  W%^^«c  ^csti^^ 
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fers  upon  its  possessor,  there  are  certain  attendant  disadvantages,  of 
which,  perhaps,  the  most  important  is  the  restriction  of  freedom  of 
locomotion  in  a  vertical  direction,  the  result  of  the  slowness  with 
which  the  necessary  secretion  or  absorption  of  gas  takes  place. 

The  conclusions  embodied  in  the  preceding  sections  relate  more 
particularly  to  the  Physoclisti,  by  far  the  largest  group  of  Teleostean 
Fishes,  bat  it  may  be  pointed  out  that  in  a  general  way  they  apply 
also  to  the  Physostomi,  with,  however,  the  qualification  that  in  the 
great  majority  of  the  latter  group  the  mechanical  liberation  of  gas 
through  the  ductus  pneumaticus  takes  the  place  of  absorption  as  a 
means  of  adjustment  to  reduced  hydrostatic  pressures. 

From  the  conclnsions  established  by  Moreau  and  Charbonnel-Salle 
it  is  obvious  that  the  varying  pressures  to  which  the  gases  contained 
in  the  air-bladder  are  exposed  constitute  an  important  factor  in  the 
physiology  of  locomotion  in  Fishes,  and  hence,  in  the  absence  of  any 
other  tenable  hypothesis  as  to  its  function,  there  is  a  strong  antecedent 
probability  in  favour  of  the  view  which  Hasse  was  the  first  to  snggest, 
viz. : — that  the  object  of  the  Weberian  mechanism  is  to  bring 
directly  to  the  consciousness  of  the  Fish  the  varying  tensions  of  the 
gaseous  contents  of  the  air-bladder,  due  to  the  incidence  of  varying 
hydrostatic  pressures.  The  late  Dr.  Sagemehl  also  adopted  Hasse*s 
view,  at  least,  so  far  as  to  re^rd  the  mechanism  as  a  register  of 
pressure  variations,  but  with  this  important  modification,  that  it  is 
not  hydrostatic  but  atmospheric  pressure  which  the  Fish  is  thereby 
enabled  to  appreciate.  There  are,  however,  certain  grave  objections 
to  Sagemehrs  ingenious  theory. 

To  a  Fish  at  a  depth  of,  say,  six  feet  below  the  surface  of  the  water, 
a  variation  of  atmospheric  pressure  sufficient  to  raise  or  depress  a 
column  of  mercury  in  a  barometer  to  the  extent  of  half  an  inch  will 
only  involve  a  variation  of  pressure  amounting  to  less  than  one-tenth 
of  the  already  existing  hydrostatic  pressure ;  and  even  this  trifling 
difference  will  become  relatively  smaller  as  the  depth  at  which  the 
Fish  lives  becomes  greater,  while  the  ascent  or  descent  of  the  Fish  in 
the  water  to  the  extent  of  only  seven  inches  would  certainly  mask  any 
variation  of  atmospheric  pressure  to  the  extent  indicated,  seeing  that 
the  animal  can  have  no  power  of  differentiating  the  effects  due  to  the 
incidence  of  the  two  pressures.  A  barometrical  variation  of  even 
half  an  inch  takes  place  but  slowly,  and  rarely  occurs  in  less  time 
than  several  hours,  and  consequently  could  only  be  appreciated  as  dis- 
tinct from  hydrostatic  pressure  if  the  Fish  remained  at  exactly  the 
same  depth  in  the  water  during  the  whole  time  that  the  barometrical 
variation  was  in  progress.  The  maximum  range  of  variation  in  atmo- 
spheric pressure,  as  measured  by  the  barometer,  is  about  two  inches, 
but  such  variations  occur  only  at  considerable  intervals  of  time,  and 
then  may  take  hours  to  accomplish.     Even  in  this  extreme  case  the 
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atmospheric  preBsnre  varifttion  might  be  negaiiyed  by  a  variation  of 
level  in  the  watw  to  extent  of  twenty-seven  inehes,  or  more  or  less 
completely  masked  by  similar  movements  of  still  less  extent  during 
ordinary  locomotion,  or  by  the  rise  or  fall  of  the  tide  in  the  case  of  the 
few  estaarine  or  marine  species.  It  may  also  be  urged  in  opposition 
to  the  theory  that  there  is  no  evidence  that  the  SilnridaB,  or  any  other 
Ostariophysen,  are  in  any  way  different  from  other  Fishes  in  being 
specially  susceptible  to  atmospheric  pressure  variations,  or  that  they 
possess  any  special  capacity  for  anticipating  impending  changes  in 
the  weather.  Sagemehl*s  theory  being  untenable,  Hasse's  view  only 
remains.  The  general  structure  of  the  air-bladder,  the  mode  of  inter- 
connection of  the  different  Weberian  ossicles,  and  their  relations  to 
the  air-bladder  and  auditory  organ,  as  well  as  the  relations  inter  se  of 
the  two  last-mentioned  structures,  are  perfectly  consistent  with  this 
theory,  against  which  no  anatomical  objections  can  be  urged,  and 
eqnally  inconsistent  with  any  other  at  present  suggested. 

III.  That  the  Weberian  mechanism  is  of  g^at  functional  importance 
to  the  Fish  possessing  it  admits  of  no  doubt.  It  is  extremely  im- 
probable that  so  complicated  and  highly  specialised  a  mechanism 
would  have  been  evolved  did  it  not  confer  some  exceptional  advantage 
upon  its  possessor,  and  that  this  is  the  case  seems  to  be  clearly  de- 
monstrated by  the  significant  fact  that  the  presence  of  the  mechanism 
is  characteristic  of  nearly  all  the  dominant  families  of  fresh-water 
Teleostei.  The  precise  utility  of  the  mechanism  is,  nevertheless,  a 
very  difiicult  problem.  Assuming  the  correctness  of  Hasse*s  theory, 
it  is  inconceivable  that  the  pressure  variations,  which  it  is  the  func- 
tion of  the  Weberian  apparatus  to  register,  can  arise  from  any  other 
cause  than  the  ascent  or  descent  of  the  Fish  in  the  water  daring 
ordinary  locomotion,  and  this  at  once  suggests  that  the  advantage  of 
the  mechanism  is  directly  related  to  some  form  of  pressure  adjust- 
ment. In  dealing  with  this  aspect  of  the  question  it  becomes  neces- 
sary to  first  consider  the  methods  of  pressure  adjustment  in  Fishes  in 
general. 

Gaseous  secretion  and  absorption  are  highly  important  factors  in 
the  adjustment  of  the  volume  of  the  gases  contained  in  the  air-bladder 
to  variations  of  hydrostatic  pressure.  The  conditions  under  which 
these  processes  take  place  have  been  experimentally  investigated  by 
Moreau,  who  has  demonstrated  that  when  the  air  is  exhausted  from 
the  air-bladder  (by  means  of  an  air-pump  in  the  case  of  Physostomous 
Fishes,  or  by  puncture  in  the  Physoclisti)  it  takes  from  several  hours 
to  several  days  to  restore  the  abstracted  air  by  secretion  and  for  the 
Fish  to  regain  its  normal  liberty  of  movement.  The  rate  of  absorp- 
tion is  in  fairly  closd  agreement  with  that  of  secretion.  It  is  obvious 
that  the  rapidity  with  which  these  processes  take  place  is  an  impor- 
tant factor  in  determining  how  far  they  aie  likeVy  to  Vm  w^^^^c^^^ 
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a  means  of  pressure  adjastinent  during  ordinary  locomotion,  but  un- 
fortunately, in  Moreau's  experiments,  the  amount  of  gas  previously 
abstracted  from  the  air-bladder,  or  the  extent  of  the  pressure  varia- 
tion to  which  the  organ  was  exposed,  was  often  so  considerable  that 
from  several  hours  to  several  days  were  required  to  restore  the  normal 
equilibrium  of  the  Fish.  No  attempt  has  yet  been  made  to  obtain 
accurate  measurements  of  the  precise  rate  of  secretion  or  absorption 
under  conditions  involving  relatively  small  variations  of  level  and 
pressure.  Three  important  factors  appear,  however,  to  be  well  estab- 
lished : — (1)  that  gaseous  secretion  and  absorption  are  relatively  slow 
processes  in  all  Fishes ;  (2)  that,  although  retia  mirabilia  are  not  in- 
dispensable to  these  processes,  there  can  be  no  doubt  that  both  take 
place  much  more  rapidly  in  Fishes  that  possess  such  structures  than 
in  those  in  which  they  are  wanting;  and  (3)  that  increased  hydro- 
static pressure  accelerates  the  rate  of  secretion,  while  diminished 
pressure  exerts  a  similar  influence  on  absorption. 

In  the  case  of  the  Physoclisti,  which  very  generally  possess  retia 
mirabilia,  but  no  pneumatic  duct,  gaseous  secretion  and  absorption 
must  be  the  only  means  of  pressure  adjustment ;  but  how  far  these 
methods  can  be  employed  during  the  more  or  less  rapid  changes  of 
level  that  occur  in  ordinary  locomotion  is  doubtful,  and,  bearing  in 
mind  the  relatively  slow  rate  at  which  these  processes  take  place, 
even  in  Fishes  with  retia  mirabilia,  we  incline  to  the  opinion  that 
they  are  more  likely  to  be  of  advantage  to  the  Fish  during  such 
gradual  changes  of  level  as  may  occur  in  the  course  of  diurnal, 
seasonal,  or  other  periodic  migrations  than  in  ordinary  locomotion. 
That  this  is  the  case  seems  to  be  suggested  by  many  features  in  their 
habits,  which  tend  to  prove  that  most  Physoclisti  have  but  a  com- 
paratively restricted  vertical  range  in  so  far  as  normal  locomotion  is 
concerned. 

The  relatively  few  Physostomi  which  possess  an  air-bladder  and  no 
ductus  pneumaticus  are  in  precisely  the  same  position,  as  regards 
their  mode  of  pressure  adjustment,  as  the  majority  of  the  Physoclisti ; 
and  of  the  remainder,  we  may  consider,  in  the  first  place,  the  Ostario- 
physesB,  which  possess  not  only  an  open  pneumatic  duct  and  a 
Weberian  mechanism  but  are  without  retia  mirabilia. 

The  absence  of  retia  mirabilia  in  all  hitherto  investigated  Ostario- 
physeaa  suggests  that  as  a  means  of  pressui'e  adjustment  gaseous 
secretion  and  absorption  are  of  minor  importance.  On  the  other 
hand,  Moreau's  experiments  prove  that  those  OstariophysesB  with 
which  he  experimented  possess  a  great  advantage  over  the 
Physoclisti  in  that  they  can,  during  ascent,  more  rapidly  adjust  the 
volume  of  gas  in  the  air-bladder  to  decreased  hydrostatic  pressure  by 
mechanically  liberating  a  certain  quantity  of  g^  through  the  pneu- 
matic duct  than  by  relying  solely  on  the  absorptive  capacity  of  the 
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walls  of  the  air-bladder.  Conversely,  the  typical  Physoclisti  have  the 
advantage  during  descent.  Moreau  points  out  that  a  Fish  incurs 
more  danger  by  rising  above  the  plane  of  least  effort  than  by  sinking 
below  it.  It  is  conceivable  that  a  Physoclist,  in  the  course  of  rapid 
ascent,  might  so  far  depart  from  its  normal  plane  of  equilibrium  as  to 
be  forcibly  carried  to  the  surface  of  the  water,  and  in  that  helpless 
condition  fall  an  easy  and  conspicuous  prey  to  predaceons  Birds  or 
Fishes.  No  special  danger  or  inconvenience  would  result  from  a 
sudden  and  rapid  descent,  and  it  is  at  least  possible  that  the  in- 
creased secretion  of  gas  which  augmented  pressure  certainly  condi- 
tions in  the  Physoclisti  may  not  be  altogether  without  effect  in 
bringing  about  a  more  speedy  re-adjustment  to  the  greater  pressure  of 
a  deeper  level,  even  in  the  Ostariophysese,  in  spite  of  the  absence  of 
retia  mirabilia.  From  these  considerations  it  follows  that,  as  com- 
pared with  the  Physoclisti,  the  OstariophyseaB  possess  a  far  greater 
capacity  for  adapting  themselves  to  rapid  and  extensive  changes 
of  level,  more  particularly  in  the  direction  of  ascent,  and  many 
well-known  facts  in  connexion  with  their  habits  support  this  con- 
clusion. 

The  physiological  relation  of  the  Weberian  ossicles  to  the  hydro- 
static function  of  the  air-bladder  is  a  problem  which  can  only  be 
satisfactorily  solved  by  experimental  inquiry.  The  evidence  seems 
conclusive  against  assigning  more  than  a  very  subordinate  part  to  this 
mechanism,  if  any,  in  the  way  of  controlling  the  absoi'ption  or  secre- 
tion of  gas ;  but  it  may,  nevertheless,  control  or  regpilate  the  escape 
of  gas  through  the  ductus  pneumaticus.  A  gi*adual  distension  of  the 
air-bladder  would  be  accurately  measured  by  the  recording  lever 
(Weberian  ossicles)  and  the  increasing  intensity  of  the  stimulus  im- 
parted to  the  sensory  epithelium  of  the  auditoiy  organ  and  to  the 
saccular  branches  of  the  auditory  nerve.  The  consequent  reflex  or 
voluntary  efferent  impulses  may  find  expression  in  the  exercise  of 
some  form  of  regulatory  control  over  the  liberation  of  gas  through 
the  pneumatic  duct,  so  that  only  so  much  gas  will  be  eliminated  from 
time  to  time  as  may  suffice  to  enable  the  Fish  to  retain  its  plane  of 
equilibrium  at  all  levels  during  ascent,  notwithstanding  the  reduction 
of  external  hydrostatic  pressure.  Unfortunately  there  is  but  little 
anatomical  and  absolutely  no  experimental  evidence  as  to  how,  or  in 
what  way,  the  escape  of  gas  is  regulated  in  accordance  with  these 
suggestions.  Valvular  structures  have  been  found  in  the  ductus 
pneumaticus  in  some  OstariophysesB  (e.gr.,  CyprinidaD),  and  we  have 
found  unstriped  muscle  cells  in  its  walls.  It  is  probable,  as  suggested 
by  Ramsay  Wright,  that  the  duct  is  not  to  be  regarded  as  a  mere 
channel  for  the  escape  of  gas  from  the  air-bladder,  but  rather  as  a  struc- 
ture which,  under  reflex  control,  actively  participates  in  thft  ^xci^^fi»^ 
possibly  by  peristaltic  contractions.       The  aVc-YAoAdeit  ^xA  ^TiaxiTSiaMNR. 
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duct  exhibit  some  stmctnral  analogies  to  the  gall-bladder  e^d  cystic 
dact  of  Mammalia,  and  bearing  in  mind  tbat  the  absence  of  intrinsic 
muscles  in  the  walls  of  the  bladder  is  associated  with  the  fact  that  the 
tension  of  the  contained  gases  nnder  the  influence  of  reduced  hydro- 
Btatic  pressure  will  supply  the  needful  expulsive  force,  it  is  by  no 
means  improbable  that  a  close  physiological  parallelism  may  also 
exist  with  regard  to  the  escape  of  their  respective  contents. 

Whatever  may  be  the  precise  nature  of  the  controlling  mechanism, 
the  advantage  to  the  Fish  of  some  method  of  carefully  graduated 
adjustment  to  pressure  variations  is  sufficiently  obvious.  Without 
any  form  of  regulatory  control,  and  with  an  open  ductus  pneumaticus 
in  free  communication  with  the  exterior,  it  may  be  surmised  that  the 
escape  of  gas  would  be  continuous  and  unchecked,  and  might  even 
involve  a  more  or  less  complete  exhaustion  of  the  gas  in  the  bladder 
as  the  pressure  diminished,  with  the  contingent  disadvantage  that  the 
normal  equilibrium  of  the  Fish  in  the  water  would  be  greatly  dis- 
turbed, and  a  considerable  demand  be  made  on  the  secretive  activity 
of  the  bladder  for  the  subsequent  restoration  of  the  gas.  On  the 
other  hand,  the  existence  of  a  controlling  mechanism  would  ensure 
that  only  so  much  gas  will  be  evolved  as  may  suffice  to  maintain  the 
Fish  in  a  plane  of  equilibrium,  and,  at  the  same  time,  secure  the 
needful  economy  in  the  liberation  of  the  gas.  A  further  advantage 
in  the  speedy  adjustment  to  alterations  in  pressure  is  that  there  will 
be  less  expenditure  of  energy  in  the  performance  of  ordinary  move- 
ments, inasmuch  as  the  Fish  can  readily  find  a  plane  of  least  effort ; 
otherwise  it  would  have  to  counteract  a  too  feeble,  or  an  increased 
specific  gravity,  by  additional  muscular  effort.  In  the  light  of  these 
considerations,  but  with  the  qualification  which  the  absence  of  direct 
experimental  evidence  necessitates,  we  conclude  that  the  Weberian 
mechanism  not  only  confers  on  all  Fishes  that  possess  it  an  excep- 
tional capacity  for  freedom  of  locomotion  in  the  vertical  direction, 
but  also  entails  the  contingent  advantage  that  all  movements  will  be 
effected  with  the  maximum  economy  of  muscular  effort  and  tissue 
metabolism. 

With  regard  to  those  Physostomi  which  have  no  Weberian 
mechanism,  the  evidence  as  to  their  ability  to  make  use.  of  the  ductus 
pneumaticus  as  a  means  of  pressure  adjustment  is  very  conflicting, 
and,  moreover,  it  is  not  even  certain  that  in  all  cases  the  duct  is  in 
free  communication  with  the  exterior.  The  frequent  presence  of  retia 
mirabilia  would  also  suggest  that  gaseous  secretion  and  absorption  are 
important  factors  in  pressure  adjustment.  In  the  light  of  such  con- 
tradictory evidence,  no  satisfactory  conclusion  is,  at  present,  possible, 
but  two  alternative  suggestions  may  be  made,  (a.)  If  the  ductus 
pneumaticus  cannot,  from  any  cause,  be  used  for  pressure  adjustment, 
gaheouB  secretion  and  absorption  must  be  the  only  methods  employed. 
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and,  so  far  as  the  point  is  concerned,  these  Fishes  most  resemble  the 
typical  Physoclisti.   (6.)  On  the  other  hand,  even  if  it  be  admitted  that 
'some  Physostomi,  without  the  Weberian  mechanism,  can  liberate  gas 
through  the  dnctas  pneumaticns,  it  is  nevertheless  not  difficult  to  see 
how  it  may  be  that  the  process  is  of  little  use  to  them  for  prassure 
adjustment.      The   completeness  of  the  control  exercised  over  the 
liberation  of  the  necessary  amount  of  gas  will  largely  depend  on  the 
perfection  of  the  reflex  mechanism  employed  in  the  process,  and  in 
all  the  Fishes  now  under  consideration  the  necessary  afferent  impulses 
must  be  initiated  in  the  peripheral  nervous  system  by  the  diffused 
pressure   exerted  by  a  distended  air-bladder  on  the    surrounding 
organs,  instead  of  in  a  particular  afferent  nerve  by  a  stimulus  applied 
to  a  localised  sensory  epithelium  through  the  Weberian  mechanism, 
as  is  the  case  with  the  Ostariophyseee.     The  indefinite  character  of 
the  stimulus  in   the   former  would   certainly   militate  against  any 
delicacy  in  the  responsive  process  of  pressure  adjustment.     The  more 
perfect  afferent  mechanism  of  the  OstariophysesB  conditions  a  more 
effective  control  over  the  function  of   the  pneumatic  duct,  and  a 
greater  capacity  for  regulating  the  processes  involved  in  pressure 
adjustment,  and,  as  we  have  suggested,  this  is  the  great  advantage 
which    the    Weberian    mechanism    confers    upon    all    Fishes    that 
possess  it. 

Certain  structural  adjuncts  in  connexion  with  the  air-bladder  of 
the  SiluridsB  may  also  be  considered  from  a  physiological  point  of 
view.  These  are,  (1)  the  lateral  cutaneous  areas ;  (2)  the  "  elastic- 
spring  "  apparatus  of  Miiller ;  (3)  the  extrinsic  muscles  of  the  Pime- 
lodinsB ;  and  (4),  the  distinctive  features  of  the  air-bladder  and 
Weberian  mechanism  in  the  SiluridaB  as  compared  with  other  Ostario- 
physesB. 

1.  The  lateral  cutaneous  areas  probably  enable  variations  in  the 
size  of  the  anterior  chamber  of  the  air-bladder,  the  result  of  pressuie 
variations,  more  promptly  to  modify  the  Tolume  and  therefore  the 
specific  gravity  of  the  Fish,  and  consequently  ensure  a  corresponding 
increase  in  the  delicacy  of  the  responsive  processes  involved  in  pres- 
sure adjustment. 

2.  Miiller  held  the  opinion  that  the  '*  elastic-spring  "  apparatus  is 
a  mechanism  foir  the  condensation  and  rarefaction  of  the  gases  in 
the  air-bladder.  We  cannot  agree  with  Miiller  that  the  elastic  springs 
can  have  any  share  in  dilating  the  air-bladder  or  rarefying  the  gases 
which  it  contains,  and  it  is  doubtful  if  the  apparatus  can  possibly 
give  the  Fish  any  power  of  directly  compressing  the  bladder  except 
under  certain  conditions,  viz.,  when  the  anterior  chamber  becomes 
distended  through  the  diminution  of  pressure  which  occurs  during 
ascent  in  the  water,  coincidently  with  the  forward  or  outward  move- 
ments of  the  two  springs  as  the  result  of  t\iQ  ^oVoluWc^  ic^^^^  ^^\xr 
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traction  of  their  protractor  muscles.  We  do  not  think  with  MuUer 
that  condensation  is  of  use  in  facilitating  descent ;  for  a  Fish  in  ap- 
proximate equilibrium  the  slightest  action  of  the  ordinary  locomotor 
organs  is  quite  sufficient  to  produce  either  ascent  or  descent,  and  the 
existence  of  an  elaborate  mechanism  for  varjiug  the  internal  capacity 
of  the  air-bladder  and  the  volume  of  the  enclosed  gases  with  this 
object  is  altogether  unnecessary,  Sorensen's  view  that  the  mechanism 
is  related  to  the  production  of  voluntary  sounds  by  the  forcible  expul- 
sion of  air  through  the  pneumatic  duct  does  not  seem  to  us  well 
founded,  first,  because  the  **  elastic  springs  "  are  only  able  to  forcibly 
compress  the  air-bladder  during  ascent,  and,  secondly,  because  sounds 
could  only  be  produced  in  that  way  at  the  expense  of  a  considerable 
disturbance  of  the  normal  equilibrium  of  the  Fish  in  the  water  and  of 
its  locomotor  activity.  Two  views  may  be  taken  as  to  the  precise 
mode  in  which  this  singular  mechanism  is  of  practical  utility  : 
(1)  the  compression  of  the  air-bladder  may  assist  the  action  of  the 
ductus  pneumaticus  in  producing  a  more  rapid  ejection  of  gas  during 
Ascent ;  or  (2)  by  condensation  alone  may  counteract  the  effects  of  a 
too  low  specific  gravity,  and,  at  the  same  time,  economise  the  con- 
tained gases.  The  latter  alternative,  in  our  opinion,  is  the  more 
probable  one. 

3.  The  extrinsic  muscles  (compressor  muscles)  of  the  Pimelodinas 
in  all  probabiUiy  have  a  function  similar  to  that  of  the  '*  elastic- 
spring  "  apparatus.  The  function  of  the  tensor  tripodis  muscle  is 
probably  to  limit  the  violent  excursions  of  the  tripus,  which  other- 
wise would  certainly  take  place  when  the  bladder  is  forcibly  com- 
pressed by  the  contraction  of  the  compressor  muscles. 

4.  The  conclusion  suggested  by  a  comparison  of  the  anatomical 
relations  of  the  air-bladder  and  its  associated  skeletal  structures  is — 
that,  physiologically  considered,  th^  most  important  distinctive 
features  of  the  Weberian  mechanism  in  the  SiluridoB  as  compared 
with  other  Ostariophyseas  are  mainly  related  to  the  air-bladder,  which 
in  the  former  attains  ita  maximum  degree  of  specialisation  and 
delicacy  as  an  organ  adapted  for  the  registration  of  varying  hydro- 
static pressures. 

Hie  Condition  of  the  Air-bladder  in  the  Siluridce  Ahnormales. 

The  most  noteworthy  features  in  the  structure  of  the  air-bladder  in 
the  various  genera  of  Siluridea  abnormales  are  :  the  absence  of  lateral 
chambers ;  the  partial  or  complete  constriction  of  the  anterior 
chamber  into  two  diminutive  laterally  situated  air-sacs,  which  may 
lose  all  connexion  not  only  with  each  other,  but  also  with  the 
oesophagus ;  and  the  occasional  atrophy  of  the  fibres  by  which  the 
lateral  walls  of  the  bladder  are  normally  connected  with  the  tripodes. 
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Indications  of  retrogressive  changes  are  not  wanKng  in  the  auditory 
organ.  In  some,  at  least,  of  the  SiloridsB  abnormales  the  sinus  endo- 
Ijmphaticas  has  completely  atrophied,  although  the  cavum  sinus 
imparis  and  atrial  cavities  remain  and  retain  their  normal  relations 
to  one  another  and  to  the  scaphia.  The  Weber ian  ossicles,  on  the 
other  hand,  are  almost  invariably  complete.  The  few  signs  of  degene- 
ration which  they  exhibit  relate  to  the  straightness  of  the  posterior  pro- 
cesses of  the  tripodes,  the  suppression  of  the  ascending  and  condylar 
processes  of  the  scaphia,  and,  in  a  few  instances,  the  absence  of  inter- 
calaria. 

Taking  into  consideration  the  retrograde  changes  both  in  the  air- 
bladder  and  Weberian  mechanism,  it  becomes  almost  impossible  to 
believe  that  any  hydrostatic  function  can  be  assigned  to  these  struc- 
tures, or  that  they  do  otherwise  than  present  various  states  of  modifi- 
cation towards  the  condition  of  vestigial  and  fuuctionless  organs,  and 
this  conclusion  seems  to  us  equally  inevitable  whatever  may  have 
been  their  original  function. 

Of  the  one  hnndj*ed  and  sixteen  genera  mentioned  in  the 
British  Museum  Catalogue  no  fewer  than  twenty-five  at  least  are 
referable  to  the  SiluridsB  abnormales.  The  causes  that  have  led 
to  the  degeneracy  of  the  air-bladder  in  so  many  forms  are  in 
many  instances  not  difficult  to  trace,  and,  as  in  so  many  Physoclist 
Teleostei,  the  assumption  of  a  purely  ground  habit  of  life  is 
probably  the  most  important  one.  Not  a  few  of  the  genera  of 
Silaridffi  abnormales  inhabit  the  comparatively  shallow  waters  of 
rapidly  flowing  mountain  streams  and  torrents,  often  being  at  a  con- 
siderable altitude,  and  in  general  habit  are  not  unlike  our  common 
English  Loaches.  Many  are  provided  with  an  adhesive  apparatus  on 
the  ventral  surface  of  the  body  between  the  pectoral  fins,  so  that  they 
may  be  enabled  to  withstand  the  force  of  mountain  torrents.  Such 
Fishes  when  not  in  motion  probably  rest  upon  or  attach  themselves 
to  the  river  bottom,  and  the  uselessness  and  pi'obahle  harmf  ulness  of 
an  air-bladder  as  a  hydrostatic  organ  under  such  conditions  is  no 
doubt  the  cause  of  its  degenerate  and  rudimentary  condition.  Various 
species  of  CaUichthys  are  said  to  keep  under  plants  in  marshy  swamps, 
to  be  able  to  burrow  in  the  mud,  in  which  they  often  become  dried 
up,  and  even  to  be  capable  of  migration  upon  land  in  search  of  water ; 
similar  habits  characterise  other  forms. 

The  susceptibility  of  the  air-bladder  to  change  of  habitat  or  habits 
on  the  part  of  its  possessor  is  well  shown  by  the  variation  that  may 
be  met  with  in  the  same  genus.  Two  species  of  Oryptopterus 
(0.  microptis  and  0.  Kexaptera)  have  rudimentary  air-bladders,  while 
all  the  remaining  species  of  the  genus  which  came  under  our  notice 
have  these  organs  nnusaally  well  developed.  In  two  species  of 
Fimelodtu  also  (P.  ptUcher  and  J*,  sapo)  the  a\x-b\aA^<bT  \&  ^q\»  ^T:^:^ 
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radimentory  but  lacks  eTmi  a  ti»oe  of  the  comprMsor  and  tensor  tri- 
podia  muscles  whicli  ax*e  so  characteristic  of  the  normal  PimelodiiuB. 
P^bablj  in  such  instances  the  degeneration  of  the  air-bladder  is  due 
to  the  assumption  of  a  ground  habit. 

The  inyariable  persistence  of  the  Weberian  ossicles  in  an  almost 
stracturally  complete  but  f  unctiouless  condition  may  be  explained  by 
the  absence  of  any  potent  oause  calculated  to  bring  about  their  total 
suppression. 

The  uniform  retention  of  the  anterior  chamber  in  these  SOnroids 
while  the  lateral  compartments  have  almost  invariably  disappeared, 
in  place  of  the  entire  suppression  <^  the  air-bladder  which  occurs  in 
most  other  Teleostei  whenever  that  organ  from  similar  causes  has  be- 
come useless  to  its  possessor,  is  due  to  its  connection  with  the  persistent 
Weberian  ossicles. 

The  encapsulation  of  the  air-bladder  by  bone  is  difficult  to  explain 
satisfactorily,  but  two  alternative  suggestions  may  be  made.  (1.)  En- 
capsulation varies  greatly  in  extent  as  weU  as  in  the  precise  methods 
by  which  it  has  been  brought  about,  but  very  often  appears  to  bear 
some  relation  to  the  structural  completeness  of  the  diminutive  air- 
bladder  and  the  retention  of  its  appfurently  functional  connexion  with 
the  Weberian  ossicles.  Where  the  air-bladder  retains  much  of  its 
structural  integrity  encapsulation  is  always  more  complete  than  when 
the  contrary  is  the  case,  and  may  Uien  be  due  to  the  necessity  of  pre- 
venting any  distension  of  the  reduced  and  useless  organ  by  varying 
external  pressures  from  imparting  disturbing  and  useless  stimuli  to 
the  internal  ear.  On  the  other  hand,  encapsulation  is  always  less 
complete  when  structural  lesions  are  too  obvious  to  admit  of  any 
possibility  of  pressure  variatioos  affecting  the  Weberian  ossicles,  and 
the  fact  that  it  exists  at  all  in  such  cases  may  be  explained  by  the 
supposition  that  reduction  in  the  sise  of  the  only  portion  of  the  air- 
bladder  that  persists,  that  is,  the  anterior  chamber,  has  been  accom- 
panied by  a  corresponding  contraction  and  curvature  of  the  modified 
transverse  processes  which  normally  invest,  and  are  closely  moulded 
to,  its  anterior  and  dorsal  surfaces.  (2.)  Encapsulation  may  be  due 
in  part  to  the  tendency  of  the  transverse  processes  to  contract  round 
and  envelope  an  atrophying  air-bladder,  and  in  part  also  to  an  un- 
checked development  of  that  tendency  to  ossification  of  the  walls  of 
the  air-bladder,  or  of  the  investing  connective  tissue,  which  to  a  re- 
stricted extent  is  so  characteristic  a  feature  even  in  the  normal 
Siluroids. 

Of  the  remaining  families  of  the  OstariophyseaB,  the  Cyprinidaa 
exhibit  a  substantially  similar  and  parallel  series  of  modifications  in 
the  condition  of  the  air-bladder,  which,  it  can  scarcely  be  doubted, 
are  also  correlated  with  the  assumption  of  a  gpx>velling  and  purely 
*^ ground"  habit  of  life,  and,  as  in. certain  Silaridas  abnormales,  the 
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in  variable  oomjdetraiess  of  the  encapsnlation  of  the  rednoed  air-bladder 
by  bone  in  the  former  may  be  aaeooiated  with  the  fact  that  both  the 
bladder  and  the  WeberiaD  mechanism  otherwise  retain  their  normal 
strocinral  integrity. 


Geographiml  Sulriiution  of  the  Oriariophyiece. 

All  the  OstariojdijBeEe  are  fresh-water  forms,  except  a  few  SUnroids 
which  have  become  accustomed  to  a  marine  habitat.  Of  the  koowa 
2160  (approximato)  fresh-water  Teleostei,  there  are  only  about  60U 
in  which  the  Weberian  apparatus  is  absent.  Broadly  speaking,  it 
may  be  stated  that  the  total  nnmber  of  species  of  OatariopbyseiB  is 
nearly  five  times  as  great  ae  all  the  other  species  of  fresb-water 
Physoetomi  ;  nearly  five  times  greater  than  the  species  of  fresb-water 
Pbysocliati;  and  about  three  tiroes  the  camber  of  the  Bpecies  of 
Physostomi  and  Fhysoclisbi  combined.  With  the  exception  of  the 
Gymnotidffi  and  GymnarchidsB,  the  families  of  the  OBtariopbysew  are, 
BO  far  as  species  are  concerned,  from  two  to  six  times  as  large  as  the 
best  represented  families  of  tbe  remaning  Physostonii  or  the  Physo- 
clisti ;  and  the  families  of  the  Oyprinidee  and  Silaridie  are  fay  far  the 
richest,  both  in  species  and  genera,  tbe  former  inclnding  one-third 
(724),  and  the  latter  aboat  one-fourth  (672),  of  all  the  known  fresh- 
water species.  This  predominance  characterises  all  the  great  zoo- 
geographical  T^ons  aboat  which  we  have  any  information,  with 
the  exception  of  North  America,  where  other  fresh-water  Fishes 
slightly  ontunmber  the  Ostoriophyseae.  In  the  Indian  and  Neotropical 
regions,  where  fresh-water  Fishes  attain  their  maximum  d^ree  of 
specific  development,  the  Ostariopbysesa  outnumber  all  tbe  remaining 
species  in  those  districts  in  the  proportions  of  £'5  and  4  to  1  respec- 
tively. The  great  rivals  to  the  Ostariopbysese  among  fresh-water 
Fishes  are  the  Salmonidn  and  Cyprinodontidsa.  bat,  owing  to  a  differ- 
ence of  habit,  or  of  geographical  distribntion.  a  considerable  nnmber 
of  their  speoiee  do  not  come  into  direct  competition  with  the  former. 

Hence,  it  may  be  concluded  that  the  possession  of  a  Weberian 
mechanism  is  specially  charactoristic  of  the  dominant  families  of 
fresh-water  Teleostei,  that  is,  of  those  families  which  combine  to  the 
greatest  extent  numerical  strength  in  individuals,  richness  in  specific 
differentiation,  and  wideness  of  geographical  distribution. 

Two  other  possible  oonclnsions  are  also  suggested  by  these  facts  : 
(1)  that  the  posseeaion  of  a  Weberian  mechanism  is  directly  related 
to  certain  pecnKarities  of  a  fresh- water  habitot,  and  (2)  that  the  clone 
aaso<nation  between  the  presence  of  this  mechanism  tmd  the  marked 
ascendenoy  of  tbe  Ostariophyaeee  over  all  other  families  of  fresh-wator 
Teleostei  points  to  the  possibility  that  the  relation  is  one  of  cause  and 
•  effect.     Both  oonclnsions,  in  our  opinion,  are  highly  probable, and  the 
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demonstration  of  the  first  would  almost  necessarily  involve  the  truth 
of  the  second,  but  positive  proof  of  either  is  extremely  difficult.  To 
prove  the  correctness  of  the  first,  it  must  be  shown  that  there  are 
certain  conditions  involved  in  a  fresh-water  habitat  which  render 
the  possession  of  a  Weberian  mechanism  of  speciaJ  value  to  fresh- 
water Fishes.  If,  as  we  have  suggested,  the  mechanism  confers  upon 
all  Fishes  which  possess  it  an  exceptional  capacity  for  locomotion  in 
all  directions,  with  a  minimum  of  muscular  effort,  it  seems  reasonable 
to  anticipate  that  such  advantages  are  of  greater  importance  to  fresh- 
water  species  than  to  their  marine  congeners. 

The  poverty  of  fresh-water  faunas,  as  compared  with  marine,  and 
the  entire  absence  of  certain  groups  of  organisms  which  are  abundant 
in  the  sea,  are  among  the  most  obvious  facts  in  the  geographical  dis- 
tribution of  animals.  Of  the  special  external  conditions  which  have 
combined  to  produce  these  results,  the  most  obvious,  and  perhaps  the 
most  important,  are,  (a)  existence  in  a  medium  which,  omitting 
lakes,  is  always  in  motion  in  a  definite  direction ;  and  (6)  a  more 
precarious  and  fluctuating  food  supply,  due  to  climatic  severity, 
alternations  of  seasons  (such  as  winter  and  summer,  dry  and  rainy 
seasons),  and  to  the  isolation  and  comparative  smallness  of  fresh-water 
areas.  On  the  other  hand,  the  relation  of  Fishes  to  other  forms  of 
fresh- water  life  is  in  many  respects  unique.  No  other  groups  of 
equivalent  taxonomic  value  approach  Fishes  in  richness  of  specific 
differentiation  or  individual  size,  and  it  is  equally  clear  that  the  pre- 
dominancy of  Fishes  is  mainly  due  to  the  numerical  strength  of  the 
Ostariophyseee,  both  in  individuals  and  in  genera  and  species.  It  is, 
therefore,  not  unreasonable  to  infer  that,  for  some  reason,  the  special 
conditions  of  a  fresh- water  existence  are  less  adverse  to  Fishes  than 
to  any  group  of  organisms,  and,  further,  that  the  Ostariophyseas 
apparently  possess  an  altogether  exceptional  capacity  for  adapting 
themselves  to  conditions  which,  in  almost  all  other  cases,  are  inimical, 
both  to  individual  and  specific  development.  Can  it  be  shown  that 
there  is  any  definite  ralation  between  any  of  the  conditions  of  a  fresh- 
water life  and  the  advantages  derivable  from  the  possession  of  a 
Weberian  mechanism  ? 

Of  the  special  conditions  of  a  fresh-water  habitat,  we  lay  most 
stress  on  the  precarious  and  fluctuating  character  of  the  food  supply, 
and  a  comparison  of  the  relative  positions  of  fresh- water  and  marine 
Fishes  from  this  point  of  view  suggests  a  possible  answer  to  the 
question.  The  food  supply  of  marine  Fishes  is  less  precarious  and 
less  liable  to  quantitative  fluctuations  than  in  the  case  of  fresh-water 
species,  and,  moreover,  local  scarcity  of  food  may  be  met  by  migration 
to  areas  where,  for  the  time  being,  food  is  more  abundant.  With 
fresh- water  Fishes  the  converse  holds  good,  and  in  their  case  the 
restricted  extent  and  comparative  isolation  of  fresh- water  areas  are, 
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ID  general,  an  inaaperable  obstacle  to  migration  as  a  means  of 
remedying  local  Bcaratj .  The  poverty  of  most  other  forms  of  fresh- 
water life  absolatejy  conditions  the  existence  of  a  relatively  larger 
nnmber  of  herbivorona  or  omnivoi^)as  Fishes  in  fresh  wateis  than  in 
the  sea,  where  the  abnndance  and  variety  of  other  animal  organisma 
are  so  much  greater,  and  this  necessarily  involves  tbe  existence  of  a 
piscine  fauna,  which,  from  the  nature  of  the  food  supply,  is  to  a 
large  extent  peculiarly  liable  to  the  exigencies  of  a  precarioos  and 
inconstant  food  snpply.  It  can  also  be  shown  that  marine  Fiahes  are 
more  voracions  than  fresh-water,  and  that  while  the  latter  may 
survive  total  abstinence  from  food  for  weeks  or  months,  the  former 
snccnmb  within  &  few  days.  The  majority  of  the  Ostariophyeete 
appear  to  be  herbirorons  or  omnivorons,  white  the  capacity  of  many 
of  ihem  for  aocnmalating  reserve  food  material,  at  the  expense  of 
which  they  live  daring  the  seafions  of  relative  scarcity,  has  often  been 
remarked. 

Not  only  do  marine  Fishes  differ  from  the  majority  of  fresh-water 
species  in  the  greater  constancy  and  abandance  of  their  food  sapply, 
bat  they  also  differ  from  the  latter  in  their  method  of  pressare 
adjastment.  Helying,  as  the  former  do,  upon  the  relatively  slow 
processes  of  gaseons  secretioa  and  absorption,  any  departure  from  the 
plane  in  which,  for  the  time  beiqg,  they  are  in  eqailibrinm  must 
involve  a  decrease  or  increase  of  specific  gravity  to  an  extent  propor- 
tional to  the  amount  of  pressure  variatien.  Hence,  in  ordinary  rapid 
locomotor  movements,  involving  more  or  less  exteosive  changes  of 
level  and  pressure,  there  most  be  an  increase  of  muscalar  eiertioo, 
which  will  necessarily  be  greater  in  proportion  as  the  Fish  departs 
from  its  normal  plane  of  equilibriam.  In  the  great  majority  of 
fresh-water  Fishes,  that  is  to  say,  in  the  Ostariophyseffi,  pressure 
adjustment  is  more  accurate  and  rapid,  so  that  in  all  variations  of 
level  and  presaore,  whether  rapidly  or  slowly  bnntght  aboat,  but 
more  especially  under  conditions  of  diminished  pressure,  the  Fish 
always  retains  a  normal  plane  of  least  effort,  with  the  result  that  its 
locomotor  movements  will  be  accompanied  by  a  minimum  expenditare 
of  muacular  effort.  It  may  therefore  be  inferred  that,  as  a  general 
role,  marine  Fishes  are  exposed  to  greater  demands  upon  their 
moscntaF  energy  than  is  the  case  with  fresh-water  species— a  differ- 
ence which  must  always  be  aesociatad  with  the  more  favourable 
natritive  conditions  under  which  ^e  former  exist,  as  compared  with 
the  more  precarious  food  supply  of  the  latter — while,  at  the  same 
time,  it  affords  a  reasonable  explanation  of  the  relative  capacities  of 
marine  and  freah<water  Fishes  for  endoring  prolonged  abstinence 
from  food.   ■ 

If  we  do  not  overrate  the  importance  of  these  considerations,  it  is 
obvious  that,  in  view  of  the  precariooa  and  flnctoating  character  of 
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their  food  supply,  economy  in  the  expenditure  of  mnscnlar  energy 
mnst  be  of  primary  importance  to  the  majority  of  fresh- water  Fishes, 
and  more  particularly  to  those  which,  wholly  or  in  part,  derive  their 
food  from  vegetable  sources.  Hence,  the  possession  of  any  mechan- 
ism which  will  not  only  remove  all  restrictions  to  motion  in  the 
vertical  direction,  and  thereby  enlarge  the  area  within  which  food 
may  be  obtained,  but,  at  the  same  time,  will  also  enable  those  Fishes 
to  execute  all  locomotor  movements  with  the  least  possible  expendi- 
ture of  muscular  effort,  must  prove  to  be  a  great  physiological 
advantage  to  them,  inasmuch  as  economy  of  muscular  effort  implies 
diminished  tissue  metabolism,  and,  consequently,  indirectly  but  effec- 
tually aids  the  accumulation  of  the  nutritive  reserve,  at  the  expense 
of  which  the  Fish  subsists  during  the  lengthened  periods  when  fresh 
food  is  relatively  scarce.  It  may  be  that  this  is  precisely  the  advan- 
tage which  the  possession  of  a  Weberian  mechanism  enables  all 
Ostariophyse®  to  realise — an  advantage  which,  as  we  venture  to 
suggest,  is  one  of  the  main  causes  of  their  marked  ascendency  over 
all  other  fresh-water  species  in  which  this  mechanism  is  wanting,  and 
with  which  they  come  into  direct  competition. 

As  no  other  attempt  has  been  made  to  associate  the  evolution  of 
the  Weberian  mechanism  with  any  special  peculiarities  of  external 
environment,  we  would  suggest  the  following  tentative  conclu- 
sions : — 

1.  The  special  feature  of  a  fresh-water  habitat  i^at  has  conditioned 
the  development  of  the  Weberian  mechanism  in  the  Ostariophyse®  is 
the  occurrence  of  seasonal  or  periodic  quantitative  variations  in  the 
food  supply,  variations  to  which  the  Ostariophyseas,  from  their 
herbivorous  or  omnivorous  habits,  are  specially  liable. 

2.  In  view  of  such  unfavourable  nutritive  conditions,  the  special 
advantage  which  is  conferred  upon  the  Ostariophyseas  by  the  posses- 
sion of  the  Weberian  mechanism  is  a  capacity  for  executing  locomotor 
movements  in  any  plane,  with  an  almost  irreducible  minimum  of 
muscular  effort  and  tissue  metabolism. 

8.  If  a  variable  and  inconstant  food  supply  is  to  be  regarded  as  one 
of  the  inevitable  conditions  of  a  fresh-water  existence,  and  necessitates 
strict  economy  in  the  expenditure  of  muscular  energy,  any  mechanism 
which  secures  this  result  must  be  of  unquestionable  importance  to 
the  species,  and  hence  it  may  be  that  the  Ostariophyseea  owe  their 
dominant  position  among  fresh-water  Fishes  to  the  possession  of  the 
Weberian  mechanism. 

4.  The  evolution  of  the  Weberian  mechanism  has  not  only  condi- 
tioned the  predominancy  of  the  Ostariophysece,  but,  indirectly,  has 
favoured  the  existence  in  fresh  water  of  a  large  number  of  purely 
carnivorous  Fishes,  which  depend  oh  the  former  for  their  food,  and 
therefore  may  also  be  regarded  as  one  of  the  primary  causes  of  the 
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anomalous  abundance  and  diversity  of  fresh -water  piscine  life,  as 
compared  with  the  remarkable  poverty  of  all  other  groups  of  fresh- 
water organisms. 

Concluding  RemarJcs, 

The  varied  structural  modifications  met  with  in  the  air-bladder  of 
the  SiluridflD  are  not  surprising,  in  view  of  the  exceptionallj  diversi- 
fied conditions  under  which  the  different  species  and  genera  live. 
The  physical  conditions  under  which  many  Siluridas  are  capable  of 
living  are  almost  as  varied  as  their  geographical  distribution  or 
climatic  range. 

Darwin  has  pointed  oat,  in  referring  to  the  conditions  favourable 
to  variation  in  animals  and  plants,  that  it  is  common,  widely  diffased, 
and  widely  ranging  species  that  vary  most,  and  that  this  might  be 
expected  from  the  diverse  physical  conditions  to  which  they  would  be 
exposed,  as  well  as  from  differences  in  the  nature  and  quality  of  their 
living  competitors  in  different  regions.  Further,  he  alludes  to  the 
f  »ct  that  an  organ  developed  in  an  extraordinary  manner  implies  that 
it  is  of  high  functional  importance  to  the  species,  and  that  it  may  also 
be  concluded  that  the  organ  has  undergone  a  great  amount  of  varia- 
tion since  it  first  came  into  existence.  It  is  clear  that  the  Silurid® 
furnish  an  admirable  illastration  of  the  truth  of  these  remarks. 

Nor  is  it  difficult  to  see  how  it  is  that  the  Weberian  apparatus  and 
air-bladder  are  more  specialised  in  the  Silarids  than  in  other  Ostario- 
physees.  The  only  rivals  to  the  SiluridaB  in  the  extent  of  their 
geographical  distribution  are  the  Gyprinidse,  for  the  remaining 
families  have  but  a  comparatively  restricted  range.  But,  extensive 
as  is  their  geographical  distribution,  the  greeii  majority  of  the 
CyprinidflB  appear  to  exist  under  fairly  uniform  conditions,  or,  at  all 
events,  exhibit  nothing  like  the  diversity  of  habitat  and  habits  that  is 
so  characteristic  of  the  SiluridsB,  and  hence  it  is  that,  so  far  as  the 
structure  of  the  air-bladder  and  Weberian  mechanism  is  known  in 
the  former  family,  it  presents  but  little  variation  in  the  direction  of 
increased  specialisation,  although  in  a  few  genei^  the  effects  of  de- 
generation are  stiffioiently  obvious. 
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XIV.  "  On  the  early  Development  of  Cirripedia."  By  Theo.  T. 
Groom,  B.A.,  B.Sc,  F.G.S.,  Demonstrator  in  Zoology  at 
the  Yorkshire  College,  Leeds,  late  Scholar  of  St.  John's 
College,  Cambridge.  Communicated  by  Adam  Sedgwick, 
F.R.S.    Received  May  11,  1892. 

(Abstract.) 

Daring  a  mbnth^s  occupation  of  a  table  at  the  Marine  Biological 
Laboratory  of  Plymonth,  in  the  summer  of  1889,  and  a  nine  months' 
occupation  of  the  Cambridge  University  Table  at  the  Zoological 
Station  of  Naples,  commencing  in  the  October  of  the  same  year,  I 
had  the  opportunity  of  studying  the  development  of  a  number  of 
Cirripedes.  .  Since  that  time,  investigations  on  the  same  group  have 
been  carried  on  chiefly  in  the  Morphological  Laboratory  at  Cambridge. 

1  have  been  wishful  to  take  up  this  subject,  because  the  embryo- 
logy of  Cirripedia  had  been  considerably  neglected  since  the  intro- 
duction of  the  more  modern  methods  of  investigation,  and  because  the 
development  might  reasonably  be  expected  to  throw  light  on  the 
adult  stmcture  of  this  interesting  group.  I  wished,  moi'eover,  to 
compare  the  development  in  several  species,  with  the  object  of  throw- 
ing some  light  on  larval  evolution  in  general. 

The  species  studied  were  Lepas  anatifera^  Linnseus ;  Lepas  pedinatay 
Spengler;  Conchoderma  virgata,  Spengler;  Dichelaspis  Darunnii, 
Filippi ;  Chthamalus  stellatusy  Poli,  and  Balanus  perforatus,  Bruguiere. 

Of  Dichelaspts,  only  monnted  specimens  of  the  nauplii  were 
examined,  but  in  the  other  forms  the  development  from  the  freshly- 
laid  ovum  to  the  second  nauplius  stage  was  investigated. 

1  had  expected  to  find  not^able  differences  in  the  development  of 
the  different  forms,  but,  although  most  of  the  genera  could  be  dis- 
tinguished at  an  early  age,  by  some  feature  or  other,  the  general 
course  of  development  was  very  uniform,  and  the  following  summary 
is  applicable  to  all  the  members  of  the  group : — 

The  fi'eshly-laid  ovum  consists  of  granular  protoplasm,  hollow 
yolk  granules,  and  oil  globules.  Its  size  has  much  more  relation  to 
that  of  the  nauplius  than  to  that  of  the  adult. 

First  polar  body  is  given  off,  not  in  the  ovary,  bnt  in  the  mantle 
cavity,  though  the  first  directive  spindle  is  evidently  formed  in  the 
ovary.  The  polar  body  is  formed  independently  of,  and  probably 
before,  or  simultaneously  with,  fertilisation. 

Fertilisation  takes  place  in  the  mantle  cavity  before  the  peri- 
vitelKne  membrane  is  formed. 

The  emission  of  the  first  polar  body  is  immediately  followed  by  the 
formation  of  the  vitelline  (or  peri- vitelline)  membrane,  which  arises 
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while  the  ef^  is  in  the  mantle  cavity,  whether  the  egg  haa  been 
fertilised  or  not. 

If  fertilisation  has  not  taken  place,  no  farther  change  ensnes,  and 
the  egg  does  not  contract ;  a  second  polar  body  is  probably  formed, 
bnt  owing  to  the  resixtance  of  the  peri-vitelliiie  membrane  cannot 
emerge,  and  is  not  seen. 

Tf  fertilisation  has  taken  place,  the  egg  dimiainfaea  in  size,  and 
commences  to  nndergo  rhythmical  contractions,  which  cease  only 
when  the  protoplasmic  and  yolk  portions  are  completely  sepai-ated. 

The  diminntion  in  size  is  soon  followed  by  the  protrnaion  of  clear 
aniceboid  procMise'i  at  the  anterior  end  of  the  egg,  which  are  ah  often 
withdrawn :  from  this  amcBboid  ariaes  the  second  polar  body,  like 
the  first,  by  the  division  of  the  nnclens  in  the  ordinary  karyokinetic 


The  protoplasm  RPnerally  collects  at  the  anterior  (larger)  pole,  and 
the  yolt  at  the  poaterior  (pointed)  pole,  in  the  well-known  way. 
The  process  doea  not  represent  a  total  diviflion,  as  baa  been  supposed, 
into  ectoderm  and  erdnderm,  bnt  t.he  formation  of  a  teleolecitha!  egg, 
the  protoplasmic  part  of  which  will  form  the  first  blastomere,  and  now 
rests  npon  a  yolk  portion,  at  first  devoid  of  a  special  nuclens,  bnt  still 
in  commnnication  with  the  protoplasmic  half. 

The  nnclena,  at  first  small  and  peripherally  sitnated  at  the  anterior 
pole  (invisible  without  Bpeciftl  preparation),  becomes  visible  as  aclear 
spot  or  vesicle — the  segmenfation  nnclens — occnpying  the  centre  of 
the  protoplasmic  half  of  the  egg. 

The  nnclena  divides,  one  dangbter-nnclens  remaining  in  the  proto- 
plasm, and  the  other  passing  into  the  yolk,  the  elementiii  of  which  it 
.  has  the  power  of  trauBforming  into  protoplasm ;  this,  together  with 
the  bnlk  of  any  protoplasm  left  in  the  yolk,  now  emerges  as  a  second 
blantomere  at  the  side  of  the  first,  which  has  in  the  meantime  become 
cot  off  from  the  yolk. 

The  yolk  becomes  gradnally  covered  by  the  snccessive  emergence 
of  fresh  cells,  which  process  is  accompanied  by  the  division  of  the 
cells  cnt  off  from  it.  The  nnclens  of  these  emerging  protoplasmic 
bodies  or  meroeytet  is  given  off  either  from  a  peripheral  blastomere, 
which  has  not  yet  been  oat  off  from  the  yolk,  or  from  a  merocyte 
which  divides  before  emerging  as  a  blastomere.  The  yolk  may  he 
regarded  as  having  the  valne  of  a  single  cell  (macromere),  which 
gives  off  a  succession  of  blastomerea  (micromcres)  mocb  in  the  same 
way  as  in  the  case  of  the  epibolic  eggs  of  Bnnellxa,  where,  however, 
there  are  fonr  macromeres,  each  of  which  behaves  in  the  same  way. 

The  point  where  the  blastoderm  last  covers  the  yolk  represents 
(except  possibly  in  rare  cases)  the  blastopore,  the  nnclena  which 
gives  rise  to  both  endoderm  and  mesoderm  arising  at  or  close  to  the 
same  spot. 
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After  separation  of  the  epiblast  the  yolk  cell  or  macromere  remains 
still  as  a  cell  with  a  single  nacleas,  derived  from  that  of  the  merocjte 
which  formed  the  last  or  one  of  the  last  blastomeres;  This  yolk  cell 
representa  both  mesoblast  and  hypoblast. 

The  meso-hypoblast  cell  immediately  divides  into  two  cells,  one 
sitaated  more  dorsally,  the  other  more  ventrally.  Each  of  these 
contains  mesoblastio  and  hypoblastio  elements.  The  mesoblaet  is 
formed  by  the  cutting  oS.  in  succession  of  segments  from  each  of  the 
two  meso-hypoblast  cells ;  these  form  a  plug  of  rapidly  dividing  cells 
jnst  in  front  of  the  closed  bla>itopore.  When  all  the  mesoblafftic  cells 
are  cut  o£P  the  two  yolk  cells  left  remain  as  the  first  two  hypoblast 
cells. 

The  two  cells  thus  formed  become  divided  into  smaller  yolk 
endoderm  cells  equivalent  to  the  secondary  yolk  pyramids  of  Decapods 
(Reichenbach's  Secunddre  Dotterpyramiden), 

£ach  yolk  pyramid  becomes  later  converted  into  an  endoderm  cell 
by  radial  contraction  in  a  centrifugal  direction,  accompanied  by 
gradual  retreat  of  the  nucleus  to  the  periphery;  the  archenteric 
cavity  arises  by  the  separation  thus  caused  of  the  central  portions  of 
the  pyramids  from  one  another. 

The  alimentary  canal  arises  in  three  divisions,  as  in  the  Arthropoda 
generally,  the  stomach  being  formed  mainly  from  the  yolk  endoderm, 
and  the  lining  of  the  oesophagus  and  intestine  probably  wholly  as 
long  epiblastic  ingrowths  (stomodedum  and  proctodasum). 

The  mesoblastic  cells  of  the  nauplius,  arising  in  the  way  described, 
divide  np  rapidly  and  extend  forward  between  the  ectoderm  and 
endoderm  as  a  dorsal  plate ;  this  soon  grows  down  at  the  sides,  but 
does  not  at  first  extend  to  the  ventral  sarface. 

This  plate  is  chiefly  concerned  in  the  formation  of  the  muscles  of 
the  nauplius  appendages,  which  arise,  as  is  probably  the  case  in  all 
nauplins  forms,  with  the  free  ends  directed  dorsally. 

The  appendages  are  marked  out  first  by  two  transverse  forrows 
dividing  the  embryo  into  three  seg^ments ;  these  occur  only  across  the 
dCHTsal  snrface  and  up  the  sides,  not  extending  into  the  ventral 
surface.  Very  soon  the  dorsal  surface  becomes  traversed  by  a  median 
longitudinal  fnrrow,  which  does  not  extend  to  the  ends  of  the  body, 
bat  is  bounded  by  two  new  transverse  furrows;  these  furrows 
mark  out  an  anterior  and  posterior  (caudal)  unpaired  lobe  with  the 
free  ends  of  the  appendages  between  them  on  the  dorsal,  and  not,  as 
has  always  been  stated  for  Cirripedes,  on  the  ventral  surface. 

The  antennules,  antennfle,  and  mandibles  are  probably  serially 
homologous,  as  indicated  by  their  similarity  in  the  free  nauplius,  and 
by  their  remarkable  and  similar  origin  ;  all  may  represent  primitively 
post-oral  appendages. 

There  are  no  mesoblastic  somites  at  any  period  of  embryonic 
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development;  bat  the  mesoblnstic  layer  becomes  thickened  locally  to 
form  the  muscles  of  the  appendages  in  each  of  the  three  segmentB. 

The  body  cavity*  of  the  nanplias  arieea  later  as  a  mixed  blasto- 
ccele  and  Bchizoccsle,  dne  in  part  to  the  separation  of  ectoderm  and 
endoderm,  and  in  part  to  an  excavation  of  meeoblastic  tiasne.  It 
soon  forma  a  cavity  continnoas  from  end  to  end  of  the  body. 

The  nervous  system  of  the  nanplins  (arising  as  nsnal  iw  an  epi- 
blaatic  thickening)  showa  from  the  beginning  a  complex  stmctnre, 
especially  in  the  Baianids,  and  among  these  it  is  most  specialised  in 
the  Baluainn.  It  is  probably  from  the  first  a  syn-cerebram,  since  it 
inclades,  in  addition  to  the  representative  of  the  arch i- cerebrum,  the 
ganglia  snpplying  the  antennnles.  The  antennra  and  mandibles  are 
in  close  relation  with  the  circnm-tssophageal  connectives  and  sab- 
cesophageal  ganglion  reBpectively. 

A  comparatively  snddeo  change  is  experienced  by  the  naaplin^  in 
passing  front  stage  I  to  st^e  II ;  this  necessitates  a  telescoping  of 
the  tail,  caudal  spine,  and  bristles  of  the  appendages,  the  gradaal 
evagination  of  which  gives  rise  to  the  peculiar  appearances  seen  a- 
this  st^e,  and  which  have  given  rise  to  some  miscoticeptions. 

There  is  a  most  remarkable  agreement  between  the  nanplii  of  the 
varions  species  in  the  general  stmctare  of  the  carapace,  labram,  &c., 
extending  to  the  minutest  detail  in  the  case  of  the  appendages,  and 
indicating  that  the  features  in  qneition  have  been  inherited  from 
some  stage  of  the  common  ancestor. 

There  are,  however,  points  of  difference  which  concern  chiefly  the 
carapace  (with  its  horns  and  caudal  spine),  labram,  and  tail. 

Differences  are  perceptible  in  most  cases  in  the  new-laid  ovum  of 
different  forms,  and  the  genera,  or  even  the  species,  can  thns  be 
separated  even  at  this  early  stage. 

The  larval  differences  necessitate  a  classification  which  agreea  very 
closely  with  that  deduced  from  the  structure  of  the  adnlta, 

Such  differences  have,  however,  in  most  casef  been  acquired  inde- 
pendently of  adult  strnotnre,  since  they  concern  characters  peculiar 
to  the  larvie,  and  lost  by  the  adnlt.  Some  indications  of  the  preco- 
cious appearance  of  characters  originally  belonging  to  the  later  stage 
are  seen  in  Balanui ,-  but  most  of  the  characters  cannot  be  so  ex- 
plained. The  larva  and  adnlt  have  varied  simnltaoeonaly,  bnt  in 
quite  different  ways,  each  having  in  this  group  taken  ita  own  oonne 
of  evolution. 

The  agreement  in  the  development  of  such  forms  as  BaUmui  and 
Lopa*,  stage  by  stage,  indicates  that  the  anoestor  of  the  Thoracioa 
underwent  a  metamorphosis  similar  to  that  of  the  present  membem 
of  the  gronp.  The  NaupUut  and  Cyprie  stage  have,  therefore,  not 
been  evolved  within  the  group. 

*  This  term  it  used  in  a  pural;  dMoriptivB  mdm. 

TOL.  Lll.  M 
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The  embrjonio  development,  thoagh  in  its  main  lines  very  nniform 
through  out  the  group  of  the  Thoracica  (Lepadidse,  Yermcided, 
Balanidffi),  shows  considerable  variation  in  some  respects,  and  the 
variable  features  are  the  same  in  all  the  species. 

The  most  conspicuous  variations  are  those  which  affect  the  pro- 
cesses of  cell  division.  The  details  of  the  mode  of  growth  of  the 
blastoderm  over  the  yolk,  from  the  appearance  of  the  basal  plane  to 
the  closure  of  the  blastopore,  and  the  resulting  cell  arrangements 
vary  indefinitely.  After  the  closure  of  the  blastopore,  the  yolk 
endoderm  cells  present  in  their  mode  of  divisioa  an  almost  equally 
great  diversity. 

The  size,  shape,  and  colour  of  the  ova  and  embryos  of  a  species 
vary  not  inconsiderably. 

In  size  and  shape  the  nauplii  of  a  species  vary  somewhat ;  but 
no  conspicuous  variations  occur  in  structure,  the  larvae  always  show- 
ing a  great  amount  of  uniformity,  even  in  so  minute  a  feature  as  the 
character  of  each  bnstle  belonging  to  an  appendage.  Minute  varia- 
tions  occur  in  the  ornamentation  of  the  carapace,  caudal  spine,  and 
tail,  and  (in  Chthamalus)  in  the  number  of  teeth  at  the  end  of  the 
labrnm. 


XV.   **  Thermal  Radiation  in  Absolute   Measure."     By  J.  T. 
BOTTOMLEY,  M.A.,  D.Sc.,  F.R.S.     Received  June  16,  1892. 

(Abstract.) 

The  paper  contains  an  account  of  an  experimental  investigation  by 
the  author  in  continuation  of  researches  on  the  same  subject  which 
have  been  already  published  ('  Roy.  Soc.  Proc.,'  1884,  and  '  Phil. 
Trans.,*  1887).  In  the  earlier  experiments  metallic  wires  heated  by 
an  electric  current  were  used.  The  loss  of  heat  from  a  heated  body, 
however,  depends  to  some  extent  on  the  form  and  dimensions  of  the 
body,  and  it  seemed  important  to  experiment  on  the  loss  of  heat 
from  bodies  differing  in  form  from  the  wires  already  used,  and  larger 
in  dimensions. 

Accordingly,  two  copper  globes  used  by  Mr.  D.  Macfarlane  in  1872 
('  Roy.  Soc.  Proc.,'  1872,  p.  93)  were  employed  for  a  new  series  of 
experiments. 

After  preliminary  experiments  (using  the  same  enclosure  which 
Macfarlane  employed,  and  with  the  surfaces  of  Macfarlane's  globes 
prepared  in  four  different  ways)  new  apparatus  was  constructed ;  the 
object  being  to  experiment  both  with  full  air  pressure  and  with 
different  amounts  of  exhaustion  of  the  air,  and  Macfarlane's  enclosure 
being  unsuitable  for  this  purpose. 

In  the  arrangement  adopted,  the  heated  globes  were  hung  at  the 
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centre  of  a  hollow  metallic  sphere,  wliich  wae  coanected  with  the 
Sprengel  pnmp  and  BUTTOuodcd  with  cold  nater,  and  were  allowed 
to  cool.  The  temp«rataro  of  the  cooling  globe  was  I'ead  ofT  at  eqnal 
intRrvals  of  time  by  means  of  a  thermo-electric  jnnctioa;  and  from 
these  readings  the  absolnte  loss  of  beat  per  nnit  of  ooolinj^  surface, 
per  anit  difference  of  temperatareB.  of  surface  and  siirro  an  dings,  per 
unit  of  time,  is  calcnlated. 

The  details  of  the  apparatos  and  method  of  expeiimentiiig  are 
given  in  the  paper.  It  is  enoagh  to  say  here  that  the  globes  were 
used  with  their  surfaces  in  two  different  conditions: — (1)  Thinly 
coated  with  lamp-black,  and  (2)  silvered  and  brightly  polished ;  and 
in  both  conditions  the  absolute  loss  of  heat,  both  in  air  and  in 
Tacuntn,  more  or  less  complete,  was  determined.  The  tables  and 
curves  attached  to  the  paper  give  the  details  of  the  results. 

To  quote  one  or  two  examples: — With  the  sooted  surface  a  tatal 
loss  of  heat  by  convection  and  radi.ition  of  !^■^2  X  10"'  c.g.s.  units 
per  square  centimetre,  per  second,  per  1°  C  of  difference  of  tempera- 
tures of  globe  and  surroundings,  was  observed  with  a  difierence  of 
temperatures  of  100  C,  and  with  the  surroundings  at  about  14°  C. 
Under  similar  circnmstances  the  radiation  in  vacuum  of  -^M  (half-a- 
millionth  of  atmospheric  pressure  of  uon- collapsible  gas)  was  about 
1-40  Xl0~*. 

Taking  a  silvered  and  brightly-polished  surface  under  the  same 
circumstances,  the  loss  in  full  air  was  2'30x  10~*  c.g.s. ;  and  with 
the  highest  vacanm  and  brightest  polish  obtained,  it  was  reduced 
1-80  X  10-'  with  in  this  case  a  difference  of  temperatures  of  180°  C. 
The  loss  with  100°  C.  difference  would  be  considerably  less,  bnt  is  not 
known  experimentally  at  present. 

The  author  returns  thanks  to  Mr.  James  H.  Gray,  M.A.,  B.Sc, 
fur  excellent  assistance  given ;  and  expresses  himself  most  deeply 
indebted,  both  for  assistance  in  experimenting  and  calculating  of  the 
results,  and  for  most  valuable  and  ingenious  aid  of  varions  kinds 
during  the  course  of  this  work,  to  his  friend  Mr.  A.  Tanakadate,  now 
Professor  in  Tokio,  Japan. 


XVI.  "Tlie  Cerebrum  of  Omithorhynchit  paradoxut"     By 
At.ry.  Hill,  M.D.     Received  Juae  16,  1892. 

(Abstract.) 
The  brain  of  Omitharhynchui  paradoxue  is  by  no  means  Avian  in 
typo.  All  its  characters  are  Mammalian,  bnt  it  presents  certain 
peculiar  featnres  which  have  been  overlooked  or  misunderstood  by 
the  anatomists  who  have  hitherto  examined  it  with  the  naked  eye. 
The  most  obvioDB  and  noteworthy  departures  from  tlia  ^oxm.  lA  \r:«^'g. 
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foand  in  all  other  Mammals  concern  the  rhinencephalon,  the  hippo- 
campns,  and  the  cerebral  commissnres. 

The  olfactory  bulb  is  qnite  free  from  the  frontal  portion  of  the 
hemisphere.  Its  stalk  is  exceedingly  thin,  and  connected  with  the 
nnder  surface  of  the  hemisphere  near  the  median  line.  The  portion 
of  the  mantle  which  receives  it  is  separated  from  the  general  snrface 
by  a  deep  incision  (ectorhinal  fissure),  which  extends  in  depth  almost 
to  the  mesial  surface.  The  pyriform  lobe  thus  formed  merges  with 
the  general  surface  far  back  on  the  mesial  aspect  of  the  hemisphere, 
at  the  spot  at  which  the  hippocampai  fold  commences. 

The  hippocampus  is  very  extensive;  it  lies  entirely  dorsal  to  the 
velum  interpositum,  and  is  continued  forwards  to  the  extreme 
anterior  end  of  the  brain.  With  the  rhinencephalon  it  forms  there- 
fore a  loop,  open  in  front. 

No  commissural  fibres  cross  the  incisura  pallii  longitudinalis 
dorsally  to  the  hippocampus.  For  reasons  stated  in  his  paper,  the 
writer  considers  that  fibres  which  cross  from  one  hemisphere  to  the 
other  on  the  peduncular  (portal)  side  of  the  fascia  dentata  cannot  be 
homologous  with  the  corpus  callosum,  and  he  therefore  concludes  that 
this  structure  is  completely  absent  from  the  brain  of  Omtthorhynchus. 
A  strong  commissure  or  decussation  lies  within  the  concavity  of  the 
rhinencephalic  loop,  but  its  fibres  are  restricted  in  their  distribution 
to  the  hippocampai  fold,  as  shown  in  sections  stained  after  Weigert's 
method.  The  convex  portions  of  the  mantle  are  entirely  dependent 
upon  the  anterior  commissure  for  mutual  connexion. 

Exception  being  made  to  the  incisura  rhinalis  and  dentary  fossa  as 
not  belonging  to  the  category  of  fissures,  the  cortex  is  completely 
destitute  of  convolution. 

Each  hemisphere  of  the  brain  was  cut  into  a  series  of  sections,  the 
anatomical  features  of  which  were  described  in  detail. 


XVII.  "Contribution  to  the  History  of  the  Interchange  of 
Pulmonary  Gases  iu  the  Respiration  of  Man."  By  William 
Marcet,  M.D.,  F.R.S.    Received  June  9,  1892. 

[Publication  deferred.] 


XVIII.  "Magnetic  Properties  of  Pure  Iron."  By  Francis 
Lydall  ajid  Alfred  W.  S.  Pooklington.  Communicated 
by  J.  HOPKINSON,  F.R.S.    Received  May  4,  1892. 

[Publication  deferred.] 


XIX.  "On  the  Alimentary  Canal  of  Pontia  broinece"  By 
A.  B.  GriftITHs.  Communicated  by  Professor  HlTXLSy, 
F.R.S.     Received  April  1,  1892. 


XX.  "On  a  new  Method  for  the  Bacteriological  Examination 
of  Water,  and  on  a  new  Bacillus  discovered  in  Rain-water." 
By  A.  B.  Griffiths.  Communicated  by  Dr.  Klein,  F.R.S. 
Received  May  18,  1892. 
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London  1892;    Proceedings.     Nos.    105 — 113.     8vo.     London 

1892.  The  Society. 

East  India  Association.    Journal.   Vol.  XXIV.   Nos.  1 — 4.    8vo. 

London  1892.  The  Association. 
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Traneactions  (eontirmed). 

Geological  Society.  AbgtractB  of  the  Proceedioga.  Nos.  582 — .594. 

8vo.    London  1891-92.  The  Society. 

Institute  of   Brewing.      TtansRctions.      Vol.  V.     No.   6.     8vo. 

London  1892.  The  Institute. 

Institution  of  Civil  Engineers.     A-bstracts  of  the    Proceedings. 

Session  1891-92.     Nos.  &— 10, 12—13.    Svo.    [London.} 

The  Institution. 
Institution  of  Electrical  Engineers.   Jonmal.     Vol.  XXI,     Nob. 

96—9?.     8vo.     London  1892.  The  Institution. 

Linnean  Society.     Jonmal    (Botany),     Vol,  XXTIII.    No.  196. 

Vol.  XXIX.  Nob.  198—200  ;  Journal  (Zoology).  Vol.  XXIV. 

No,   151.     8vo.     London  1892.  The  Society. 

London  Mathematical  Society.  Proceedings.  Nos.  426 — 4S|^.  8to. 

[London]  1891-92.  The  Society. 

Odontological    Society  of   Great   Britain.      Transactions.     Vol. 

XXIV.     No.  7.     8vo.     London  1892.  The  Society. 

P  barm  ace  ntical    Society    of    Great    Britain.       Pharmaceutical 

Journal   and   Transactions,      January   to  Jane,   1892.      8vo. 

London.  The  Society. 

Photographic  Society.     Journal   and  Transactions.     Vol.  XVI. 

Nos.  7—8.     8vo.     London  1802.  The  Society. 

Royal  Astronomical  Society.     Uonthly  Notices.     Vol.  41.     Nos. 

3—7.     8vo.     London  1892.  Tlie  Society. 

Royal  Geographical  Society.     Proceedings.     January  to   Jnne, 

1892.    8vo.    London.         ,  The  Society. 

Royal  Institute  of  British  Architects.     Journal  of  Proceedings. 

January  to  June,  1892.     4to.     London. 

The  Institute. 
Koyal  Institution   of  Great  Britain.     Reports  of   the  Weekly 

Evening  Meetings.     April  to  Jnne,  1891.     January  to  Peb- 

mary,  1892.     8to.     [London.']  The  InBtitntioii. 

Boyal  Medical  and  Chirargical  Society.     Proceedings.     January 

to  May,  1892.     8vo.     London.  ITie  Society. 

Royal  Meteorological  Society.     Quarterly  Journal,     Vol.  XVIII. 

No.   82.     8to.     London   1892;    The    Met«orol(^cal    Record. 

Vol.  XI.     No.  42.     8yo.     London.  The  Society. 

Uoyal  Microscopical  Society.    Jonrnat.    1892.    Pu^tsl — 3.    8vo. 

London.     Charter  and  Bye-Laws,  and  List  of  Fellows,  18^2. 

Svo.     [London.]  The  Society. 

Royal   United   Service   Institution.      Journal.      Vol.    XXXVI. 

No.  172.    8to.    London  1892.  The  Institution. 

Sanitary  Institute.     Transactions.      Vol.  XII.      8vo.      London  . 

1892 ;  Report  of  the  Council,  &c.    8to.    London  1892. 
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Transactions  (continued). 

Society  of  Art-s.  Journal.   January  to  Jnne,  1892.   8vo.    London, 

Thti  Society. 

Society  of  Biblical  ArebeBology.      Proceedings.       Vol.    XIV. 

Part  7.     8vo.     London  1892.  The  Society. 

Society  of  Chemical  Industry.     Journal.    Vol.  XI.    Nos.  1-5. 

8vo.    Londofi  1892.  The  Society. 

University  of  London.     Calendar,  1892-93.     Parts  1 — 2.     8vo. 

London  1892.  The  University. 

Victoria  Institute.     Transactions.     Vol.  XXV.     No.  98.     8vo. 

London  1892.  The  Institute. 

Melbourne: — Boyal  Society  of  Victoria.     Proceedings.    Vol.  IV. 

Part  1.     8vo.     Melbourne  1892.  The  Society. 

Mexico : — Sociedad  Cientifica  '*  Antonio  Alsate.'*    Memorias  y  Be- 

vista.     Tomo  V.    Niim.  5-6.     8vo.     MSxieo  1892. 

The  Society. 
Moscow : — Soci^te  Imp^riale  des  Naturalistes.     Bulletin.    Ann^ 

1891.  No.  4.     8vo.     Moscou  1892.  The  Society. 
Munich : — K.B.  Akademie  der  Wissenschaften.     Sitznngsberichte 

(Math.-Phys.  Classe).    1891.     Heft  3.     1892.     Heft  1.     Sita. 

ungsberichte   (Philos.-Philol.-Histor.   Classe).  1891.     Heft  5. 

8vo.     Milnchen  1892.  The  Academy. 

Naples : — Acoademia  delle  Scienze  Fisiche  e  Matematiche.     Rendi- 

conto.     Ser.  2.    Vol.  VI.    Fasc.  1—5.    4to.    Na2ooU  1892. 

The  Academy. 
Newcastle-upon-Tyne : — North  of  England  Institate  of  Mining  and 

Mechanical  Engineers.      Transactions.     Vol.  XLI.     Part   2. 

8vo.     Newcastle-upon-Tyne  1892.  The  Institute. 

New  York : — American   Museum   of    Natural  History.     Bulletin. 

Vol.  III.     No.  1.    Vol.  IV.    Pages  49—64.   8vo.    [New  York'] 

1892.  The  Museum. 
New  York  State   Museum.     Bulletin.     Vol.   L     No.   1.     8vo. 

A  Ihany  1892.  The  Museum . 

Palermo : — Circolo  Matematico.  Rendioonti.  Tomo  VI.  Fasc. 
1—2.     8vo.    Palermo  1892.  The  Club. 

Paris : — ^Acad^mie  des  Sciences.  M^moires.  Tome  XLIII.  4to. 
Varis  1889  ;  Memoires  pr^sent^s  par  divers  Savants.  Tome 
XXX.  4to.  Paris  1889  ;  Comptes  Rendus.  Janvier — Juin, 
1892.     4to.     Paris,  The  Academy. 

Gomit^  International  Permanent  pour  TEx^cution  Photogra- 
phique  de  la  Carte  du  Ciel.  Commentaires  des  Decisions 
prises  par  les  Conferences  Internationales  .  .  .  pour  TEx^cution 
Photographique  d'une  Carte  du  Ciel.  Par  M.  Tr^pied.  4to. 
Paris  1892.  The  Committee, 
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TransactioiiB  {eemtinuei). 

£cole  Normale  Sap4rienre.  Annalea  Scientifiqnes.  Tome  IX. 
Nos.  2—6.     4to.     Paris  1892.  The  School. 

SociSt^  de  Biologie.  Gomptes  Rendiis.  Janvier — Jiiin,  1892. 
8vo.     Parit.  The  Society. 

Soci^  d'Eaconrsgement  poor  I'lndnatrie  Rationale.  Bulletin. 
Janvier — Uai,  ltJ92.  4to.  ParU;  Compt«B  R«ndaa  des 
S^nces.     Janvier — Jnin,  1892.     8vo.     ParU.        The  Society. 

Sooi4!e  de  G^ographie.  Bnlletin,  Tome  XII.  Trim.  4.  8to. 
Pom  1892 ;  Comptes  Rendua  dea  Seancea.  1892.  Koa.  1— 11. 
8to.     Parii.  The  Society. 

Soci^t^  Fran^aise  de  Fhyeiqne.  Stances.  Jnillet — Decembre, 
1891.     8vo.     Part*  1892.  The  Society. 

Soctit^  G^logiqne  de  France.  Bnlletin,  1891.  Nob.  P— 9.  8vo. 
Parts.  The  Society. 

Soci4t^  Uath^matiqne  de  France.  Balletin.  Tome  XX.  Nor. 
1—2.     8vo.     Paris  1892.  The  Society. 

Sooidt^  Philomattiiqae.  Bnlletin.  Tome  IV.  No.  1.  Svo. 
Porw  1892  ;  Compte-Renda  Sommairedea  S^nces.  Janvier — 
Jnin,  1892.    8vo.    Paris.  The  Society. 

Peath  : — Magyar  Tndominyos  Akad^mia.  Uathematikai  ^s  Ter- 
m&«ettndominyi  firtoaito.  Kotet  VIII.  Fuzet  6—9,  Kotet 
IX.  8vo.  Budapest  1890-91i  lUathematikai  49  Termeszettn- 
dominyi  Kozleminyek.  Kotet  XXIV.  Ssira  1—7.  8vo. 
Budapest  1890-91 ;  Drtekez^aek  a  Mathematikal  Todom^nyok 
Eoi^bdl.  Kotet  X.  Kotet  XIY.  Siam  4.  8vo.  Buda- 
pest 1883-91 ;  ^rtekezeaek  a  Term^T^ettndominyok  Eor^bJJl. 
Kotet  XIII.  Kotet  XX.  Sz4in  1—4.  Eiitet  XXI.  Saam 
1—2.  8vo.  Budapest  1883-91.  [And  other  Academic 
pnblicatioiu  for  the  years  1890-91.    4to  and  8to.] 

The  Academy. 

Philadelphia : — Academy  of  Natnral  Sciences.    Proceedings.    1892. 

Part  1,  and  Pp.  1—216.    8vo.    Philadelpltia.      The  Academy. 

American  Philoaophioal  Society.  Proceedings.  Vol.  XXX. 
No.  13?.     8to.     Philadelphia  1892.  The  Society. 

Franklin    Institnte.     Jonmal.      Jannary   to    Jnne,    1892.     8vo. 

PhOadelphia.  The  Inatitntc. 

Piaa: — Societil    Tosoana  di  Scienie  Natnrali,      Proceaai  Verbali. 

Vol.  VIII.    8vo.    [Pwa]  1892.  The  Society. 

Preabnrgr — Verein  fiir  Natnr-  nnd  Heilknnde.     Verhandlnngen. 

Jahrg.     1887-91.     8vo.     Presburg  1891.  The  Society. 

Borne: — R.  Accademia  dei   Lincei.     Atti.     Serie  5.     Bendiconti 

(Sci.  Moral.).  Vol.1.  Fasc.  1—2.  8m  Roma  1892;  Atti.  1892. 

Faso.   1 — 10.     8vo.     Rama;    Bendiconti    (Claaae    di  Scienzo 

Fia.).    Vol.  I.    Fasc.  3.    8vo.    Soma  1892.        The  Academy. 
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T ra  usac tions  (c(yn  finued) . 

R.  Comitato  Geologico  d'ltalia.    BoUettino.    1891.    No.  4.    1892. 
No.  1.     8vo.     Roina,  The  Comitato. 

Stockholm  : — Kongl.  Vetenskaps  Akademie.     Ofversigt.     Arg.  49. 
No.  4.     8vo.     Stockholm  1892.  The  Academy. 

Sydney : — Aastralasian  Association  for  the  Advancement  of  Science. 
Report.     Vol.  III.     8vo.     Sydney  [1892].       The  Association. 
Linnean  Society  of  New  South  Wales.     Abstract  of  Proceed- 
ings.    January  to  April,  1892.     8vo.     Sydney. 

The  Society. 

Tokio  : — Imperial  University.    College  of  Science.  Journal.  Vol.  V. 

Part  1.     4to.     Tokyo  1892.  The  College. 

Seismological  Society  of  Japan.     Transactions.   Vol.  XVI.    8vo. 

Yokohama  1892.  The  Society. 

Turin: — R.    Accademia    delle     Scienze.      Atti.       Vol.    XXVII. 

Disp.  3—8.     8vt).     Torino  1892.  The  Academy. 

Vienna: — Anthropologische    Gesellschaft.      Mittheilungen.      Bd. 

XXII.     Heft  1—2.     4to.     fTien  1892.  The  Society. 

Kaiserliche  Akademie  der  Wissenschaften.      Anzeiger.   Jahrg. 

1892.     Nos.   11—13.     8vo.     Wien ;  Sitzungsberichte  (Math.- 

Naturw.  Classe).     Bd.  C.    Abth.  1.     Heft  8—10.     Abth.  2a. 

Heft  8—10.    Abth.  -26.    Heft  7—10.    Abth.  3.    Heft  6—10 ; 

Bd.  CI.  Abth.l.   Heft  1—2.   Abth.  2a.   Heft  1—2^  Abth.  26. 

Heft  1—3.    Abth.  3.    Heft  1—2.    8vo.     Wien  1891-92. 

The  Academy. 

K.K.  Naturhistorisches  Hof museum.     Annalen.     Bd.  VII.     Nr. 
1—2.     8vo.     TFienl892.  The  Museum. 

Washington  : — Bureau  of  Ethnology.     Bibliography  of  the  Algon- 
quin Languages.     8vo.     Washington  1891.  The  Bureau. 
Smithsonian  Institution.  Annual  Report  of  the  Board  of  Regents 
to  July  1890.     8vo.     Washington  1891.              The  Institution. 
U.S.  National  Museum.     Bulletin.     Nos.  41 — 42.     8vo.     Wash^ 
ington    1891  ;     Proceedings.      Vol.    XIV.      Nos.    882—886. 
Vol.  XV.     Nos.  887— 88«.     8vo.     Washhigton  1892 ;    Report 
for  the  year  ending  June  30,  1889.     8vo.     Washington  1891 ; 
Descriptive  Catalogfue  of  the  Abbott  Collection  from  Kilima- 
Njaro.     8vo.     Washington  1892.                              The  Museum, 
Wiirzburg : — Physikalisch-Medicinische    Gesellschaft.      Sitzungs- 
Berichte.     Jahrg.  1892.     Nos.  1 — 3.     8vo.     Wurzhurg. 

The  Society. 
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Observations  and  Reports. 

Albany: — New  York  State  Museum.    Report.    1890.    8vo.    Albany 

1892.  The  Museum. 

Calcutta: — ^Meteorological    Department,     Government    of    India. 

Monthly  Weather  Review.    June — July,  1891.    Folio.    Calcutta 

1892 ;     Observations  made  at  Six  Stations  in  India.     June — 

July,  1891.     4to.     [Calcutta.] 

•  The  Department. 

Christiania: — NorskeNordhavs-Expedition,  1876 — 1878.     Zoologi. 

Memoir  XXI.     4to.     Christiania  1892. 

The  Editorial  Committee. 

Coimbra : — Observatorio  Meteorologico  e  Magnetico.    Observa93es. 

1891.     Folio.     Coimbra  1892.  The  Observatory. 

Darlington  : — Wolsingham   Observatory.      Publications.      No.   2. 

8vo.     Crook  [1892].  Rev.  T.  E.  Espin. 

India  : — Geological  Survey.     Recorda.     Vol.  XXV.     Part  1.    8vo. 

Calcutta  1892.  The  Survey. 

Great  Trigonometrical  Survey.    Synopsis  of  Results.   Vols.  XXII 

—XXIV.     4to.     Bthra  Dun  1891.  The  Survey. 

International  Geodetic  Association  :     Comptes-Rendus  des  Seances 

de  la  Commission  Permanente.     1891.     4to.     Neuchdtel  1892. 

The  Association. 
Kiel :— K.  Sternwarte.     Publication.     VII.     4to.     Kiel  1892. 

The  Observatory. 
London : — Meteorological  OflBce.  Daily  Weather  Reports.  January 
to  June,  1891.  4to.  London;  Weekly  Weather  Report  and 
Quarterly  Summary,  Appendix  1.  Vol.  IX.  Nos.  9-24.  4to. 
London  1892 ;  Summary  of  the  Observations  made  at  the 
Stations  included  in  Daily  and  Weekly  Reports.  October — 
December,  1891.  January,  1892.  4to.  Londi/n ;  Report  of 
the  Meteorological  Council.     1891.     8vo.     London  1892. 

The  Office. 
Madras: — Government   Observatory.      Results   of  Meteorological 
Observations,  1861-90.     4to.     Madras  1892. 

The  Observatory. 

Madrid: — Comisidn    del  Mapa    Geol6gico   de   Espana.      Boletin. 

Tomo  XVII.     8vo.     Madrid  1891.  The  Survey. 

Mexico : — Observatorio  Meteoroldgico-Magn^tico  Central.     Boletin 

Mensual.     Tomo  III.     Ndm.  8.     Folio.     Mixico  1892. 

The  Observatory. 

New  South  Walos  : — Geological  Survey.  Records.  Vol.  II.   Part  4. 

8vo.     Sydney  1892.  The  Survey. 

Report  on  Technical  Education  and  Manual  Training.     By  B. 

Edward  Combes.     Folio.     Sydney  1891. 

New  Soutta.  ^  «i\ea  Q;o^^T\iTaa\i5w^ 
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Observations,  Ac.  {continued^, 

Paris  : — Observatoire.     Rapport  Annuel.     1891.    4to.    Part*  1892. 

The  Observatory. 
Portugal : — Commissao  dos  Trabalhos  Geologicos.     Fauna  Silurica 
de  Portugal.     4to.     Lisboa  1892.  The  Survey. 

Rome : — Specola  Yaticana.     Pubblicazioni.    Fasc.  2.     4to.     Ro)fna 
1891.  The  Observatory. 

Sydney : — Observatory.  Meteorological  Observations.  Novembers- 
December,  1891.  8vo.  (Sydney  1892.  The  Observatory. 
Washington: — U.S.  Coast  and  Geodetic  Survey.  Report,  1890. 
Part  1.  4to.  Washington  1892.  The  Survey. 
U.S.  Geographical  and  Geological  Survey  of  the  Rocky  Mountain 
Region.  Contributions  to  North  American  Ethnology.  Vol.  W. 
Parts  1—2.     Vol.  VI.     4to.     Washington  1890. 

The  Survey. 
U.S.    Naval    Observatory.      Washington    Observations,    1887. 
Appendices  1 — 3.     ^to.     Washington  1891. 

The  Observatory. 


Journals. 

Agricaltural  Gazette  of  New  South  Wales,     Vol.  III.     Parts  1 — 3. 
8vo.     Sydney  1892.  Department  of  Agriculture,  Sydney. 

American  Chemical  Journal.      December,  1891.      January — April, 
1892.     8vo.    Baltvm(yi»e.  The  Editor. 

American  Journal  of  Mathematics.    Vol,  XIV.    No.  2.    4to.    Balti- 
more 1892.  The  Editors. 
American  Journal  of  Science.     January — June,  1892.     8vo.     New 
Haven.  The  Editors. 
Analyst  (The)     January — June,  1892.     8vo.     London. 

The  Society  of  Public  Analysts. 

A.nnalen  der  Physik  und  Chemie.   1892.  Nos.  1 — 6.  8vo.  Leipzig  ; 

Beiblatter.    1891.    No.  12.    1892.    Nos.  1—3.     8vo.     Leipzig. 

The  Editors. 
Annaies  des  Mines.     1892.     Livr.  1 — 5.     8vo.     Paris. 

L'£cole  des  Mines. 
Annaies  des  Ponts  et  Chaussees.    1891.    No.  12.    1892.    Nos.  1—2. 
8vo.     Paris ;  Personnel.     8vo.     Paris  1892. 

Minist^re  des  Travaux  Publics,  Paris. 
Archives  de  Sciences  Biologiques  publi^es  par  I'lnstitut  Imp.  de 
M^decine  Exp6rimentale  k  St.-P6tersbourg.     [Russ.  and  FrJ] 
Tome  I.     Nos.  1—2.     4to.     8t.  Pitersbourg,  1892. 

The  Institute. 
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Journals  (continued). 

Archives  N^UndaUes  des  Scienoes  ExaoleB  et  Natarellei.     Tome 
XXVI.     Lire.  1.     8vo.     Harlem  1892. 

Soci£t4  HollaDdaiae  des  Sciences,  Haarlem. 
ABtionomie  (L')     Janvier — Jnin,  1892.     8vo.     Farit. 

The  Editor. 
ABtemomy  and  Astro- Phy bios.    Noe.  103, 105—6.    8vo.    Nortkfield 
(Minn.)  1892.  The  Editors. 

Boletin  de  Minas.     Ano  VIII.     Nam.  2—4.     4to.     Lima  1692. 

La  Escaela  Bspecial  de  Ingenieros,  Lima. 
Builder  (The)     Jannary— June,  1892.     Folio.     London. 

The  Editor. 
Chamber  of  Commerce  Journal.     Vol.  XI.    Noe.  119— 120.    ito. 
London  1892.  London  Chamber  of  Commerce. 

Chemical  News.     January — Jane,  1892.     4ta.     London. 

Mr.  W.  Crookes,  F.H.S. 
Cosmos.    Janvier — Join,  1892.    8vo.    Farit. 

M.  I'Abbe  Talette. 
Ednoatioual  Times  (The)     January — Jane,  1892.     Ito.     London. 

The  College  of  Preceptors. 
Electrical  Engineer  (The)     January — June,  1892.    Folio.    London. 

The  Editor. 
Electrical  Review  (The)      January — Jane,  1892.     Folio.     Iiondon. 

The  Editor. 
Electrician  (The)     January — Jane,  1892.     Folio.     London. 

The  Ediior. 
Electriden  (L')    Janvier — Jnin,  1892.     Folio.     Port*. 

The  Editor. 
Horolt^cal  Joamal.    No.  406.    Svo.    London  1892. 

British  Horological  Institute. 

Indnatries.     January — June,  1892.     4to.     London.  The  Editor. 

Mathematische  und  Natnririssenachaftliche  Berichte  ans  Ungam. 

Bd.  Till.    8vo.    Berlin  1891.         The  Hungarian  Academy. 

Heteorologiache  Zeitschrift.     January — June,  1892.     Small  folio. 

Berlin.  Oesterreichiache  Geseltschaft  fiir  Meteorologie. 

Morphologisches  Jahrbuch.    Bd.  XVIIl.  Heft  1 — 2.    8vo.    Leipzig 

1891-92.  Prof.  Qcgenbanr,  For.  Mem.  B.8. 

Nature.     Janaary — June,  1892.     Boy.  8vo.     London. 

The  Editor. 
Nature  Notes.    Tol.  III.    No.  30.    8vo.    London  1892. 

Selbome  Society. 
New  York  MediciU  Joamal.     January — June,  1892.    4to.    New 
York.  The  Editor. 

Notes  and  Queries.    January — June,  1892.    4Ao.    London. 
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Journals  (^continued). 

Observatory  (The)      Jannaiy — June,  1892.     8vo.    London, 

The  Editors. 
Records  of  the  Australian  Museum.     Vol.  I.     Contents  and  Index. 
Vol.  IT.     No.  1.     8vo.     Sydney  1892.  The  Museum. 

Revista  do  Observatorio.     1892.     No.  1.     8vo.     Eio  de  Janeiro, 

Observatory,  Rio  de  Janeiro. 
Revue  G6n^rale  des  Sciences.   Annee  II.   Nos.  23—24.    Annee  III. 
Nos.  I— 11.     8vo.     Parts,  The  Editor. 

Revue  Medico- Pharmaceutique.   Ann6e  6.    Nos.  4 — 5.    4to.    [Con- 
stantinople] 1892.  The  Editor. 
Revue  Scientifique.     Janvier — Juin,  1892.     4to.     Paris. 

The  Editor. 

Stazioni  Sperimentali  Agrarie  Italiane  (Le)     Vol.  XXII.    Fasc  4. 

8vo.     Asti  1892.  R.  Stazione  Enologica  di  Asti. 
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[Plates  2—13.] 

It  is  now  nearly  half  a  century  since  I  undertook  to  design,  for  the 
Polytechnic  Institution  then  existing  in  London,  a  large  hydro- 
electric machine,  on  the  plan  of  the  smaller  one  I  had  previously 
designed  for  myself.  It  was  a  very  short  time  in  my  hands  after  its 
completion,  and  I  had  scarcely  any  opportunity  of  afterwards  using 
it  in  the  lecture  room  of  the  Institution.  My  experience  with  it  was, 
however,  sufficient  to  show  me  that  its  great  power  was  very  much 
less  when  used  in  a  room  than  io  the  outside  atmosphere  when  dry. 
I  have  ever  since  entertained  the  idea  of  constructing  a  similar 
machine  of  equal  or  greater  power  for  my  private  use;  but,  until 
lately,  the  exigencies  of  business  pursuits  precluded  my  giving  atten- 
tion to  the  subject. 

On  recommencing  my  experiments  on  this  branch  of  electrical 
science,  my  immediate  object  was  to  improve  the  frictional  apparatus 
of  the  steam  jet,  so  as  to  obtain  the  greatest  effect  from  a  given 
expenditure  of  steam,  while  my  ultimate  intention  was  to  construct 
a  large  machine  with  such  a  number  of  jets  as  would  afford  me  a  more 
copious  s apply  of  frictional  electricity  than  could  be  obtained  by  any 
other  convenient  means.  I  soon  found,  however,  that  the  difficulty 
of  obtaining  effectual  insulation  in  the  open  air,  except,  under  the 
most  favourable  conditions  of  weather,  would  involve  great  interrup- 
tion and  disturbing  effect,  and  I  therefore  tamed  my  thoughts  to  the 
induction  coil  as  a  source  of  high  tension  electricity,  that  would  not 
only  be  independent  of  the  caprice  of  the  weather,  but  would  also 
save  me  from  atmospheric  inclemency,  which,  however  harmless  it 
might  have  been  in  the  youthful  days  of  my  hjdro-electric  expe- 
riences, could  not  be  safely  endured  at  my  present  advanced  period 
of  life. 

I  did  not  flatter -myself  that  I  could  make  any  important  improve- 
ment upon  the  Ruhmkorff  coil.  That  remarkable  instrument  had 
been  so  long  in  use,  and  had  undergone  so  much  development,  that 
its  career  of  progress  might  well  be  considered  as  nearly,  if  not 
quite,  played  out.  But  although  Ruhmkorff  coils  had  been  con- 
structed capable  of  yielding  sparks  of  unprecedented  length,  yet  it 
was  obvious  that  the  output  of  electric  energy,  when  estimated  in 
ampere  as  well  as  in  volt  measurement,  must  be  relatively  very 
inferior  to  that  of  smaller  coils,  in  which  each  convolution  of  the 
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secoodBr;  wire  is  effected  with  macb  less  length  of  wire.  In  other 
words,  ft  given  weight  of  material  atilised  in  a  nnmher  of  small  coils 
ought  to  yield  a  greater  ontpat  of  energy  than  the  same  weight  ased 
in  the  constraction  of  one  large  coil,  the  best  proportiona  of  length  to 
diameter  being  in  each  case  adhered  to.  Moreover,  it  is  well  known 
that,  with  induction  coils  of  exceptional  magnitude,  the  ordiiiaiy 
vibrating  contact  breaker  cannot  be  efficiently  employed  on  accoant 
of  the  rapid  destraction  of  the  platinum  pointB ;  and  the  method  of 
obviating  this  difficulty  by  breaking  contact  nnder  a  cover  of  alcohol 
is  only  compatible  with  slow  action.  Bat  by  dividing  the  work 
amongst  seveml  coils,  each  with  a  separate  vibrating  contact  breaker, 
this  difficnlty  is  avoided,  and  the  freqneney  of  the  spark  ia  multiplied 
in  proportion  to  the  number  of  coils  and  contact  breakera.  With 
these  views,  I  obtained  from  Mr.  Appe  six  indnction  ooils,  each 
capable  of  yielding  a  maximum  spark  of  \Q\  inches.  I  had  also  a 
six-fold  contact  breaker  constructed  of  the  usual  automatic  vibrating 
type,  and  in  which  each  vibrator  was  acted  upon  by  an  independent 
electro- magnet  of  the  horse-shoe  description.  In  experimenting  with 
a  single  contact  breaker  used  with  a  single  coil,  I  found  much 
advantage  in  augmenting  the  power  of  the  working  magnet,  and  in 
KtifFening  and  shortening  the  spring  greatly  beyond  the  limits  of 
ordinary  practice.  By  so  doing  I  was  enabled  to  reduce  the  range  of  . 
vibitttion,  and  thus  to  obtain  with  a  heavy-headed  vibrator  many  times 
the  usual  speed  of  oscillation  without  reducing  the  length  of  spark  in 
nearly  the  same  proportion.  With  an  extremely  high  speed  of  inter- 
ruption, I  could  obtain  sparks  4  inches  long  in  great  prorusion, 
tliough  not  with  rapidity  equal  to  the  rate  of  vibration.  To  accom- 
plish that  degree  of  rapidity  the  sparking  distance  had  to  be  reduced 
to  about  one-half  1  but,  considering  that  a  spark  of  2  inches  is  sup- 
posed to  represent  nearly  !;<5,000  volts  when  delivered  between  knobs, 
and  would  probably  give  two-thirds  of  that  amount  when  delivered 
between  points,  I  saw  no  sufficient  inducement  to  strive  after  longer 
sparkx,  which  can  only  be  obtained  by  great  sacrifice  of  frequency, 
involving  a  general  reduction  of  amperage  far  exceeding  the  gain 
in  voltage. 

By  using  two  coils  in  tieries  with  au  alcohol  contact  breaker  worked 
slowly,  I  could  get  sparks  15  inches  long;  but  I  found  so  many  diffi- 
culties and  inconveniences  in  a  serial  arrangement,  and  so  little  to  be 
gained  by  it,  that  I  abandoned  the  pursuit  of  it,  and  confined  my 
attention  Xx>  a  combination  in  parallel.  In  the  first  instance  I  em- 
ployed a  secondary  battery  of  seven  large  cells  to  supply  the  current 
for  exciting  my  six  coils,  aud  I  fully  expected  that  their  united 
ontpnt  would  be  proportionate  to  their  number,  but  iu  this  I  was 
disappointed.  I  found  that  two  coils  gave  me  only  about  one  and 
a-hulf  the  effect  of  one,  and  that  every  additional  coil  gave  a  dimui- 
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ished  incremenfc  of  output.  In  fact,  when  all  the  six  were  in  action* 
I  only  got  about  three  times  the  output  I  obtained  from  one.  It  was 
some  time  before  I  discovered  the  cause  of  this  apparent  anomaly ; 
but  at  last  I  traced  it  to  the  recoil  currents  from  the  condensers^ 
which  at  each  interruption  of  the  primary  carrent  had  to  pass  through 
the  battery  in  the  reverse  direction  of  the  battery  carrent.  Thus  a 
conflict  of  currents  was  produced  in  the  primary  circuit,  which 
checked  the  acquisition  of  magnetism  by  the  coils.  I  saw  no  remedy 
for  this  interference,  except  the  application  of  a  separate  battery  to 
each  coil,  and  I  accordingly  exchanged  my  single  battery  of  seven 
large  cells  for  six  independent  batteries  composed  of  the  same  number 
of  cells  proportionately  reduced  in  size,  and  when  this  was  done  I 
obtained  the  full  measure  of  effect. 

Side  by  side  with  the  multiple  contact  breaker  I  have  a  mechanical 
contact  breaker,  in  which  the  interrnptions  are  effected  by  insulated 
cam  wheels  fixed  on  a  revolving  shaft,  which  is  fitted  with  spur  gear 
for  high  velocities.  This  mode  of  breaking  contact  has  the  advantage 
of  ( ausing  the  sparks  to  be  delivered  in  regular  sequence,  with  equal 
intervals  between  them.  It  also  enables  the  exact  namber  of  dis- 
charges per  second  to  be  ascertained ;  but  the  automatic  interrupter 
gives  a  larger  output,  owing,  I  suppose,  to  the  fact  that  each  break 
of  contact  takes  place  exactly  at  the  moment  when  the  magnetisation 
of  the  coil  is  matured,  whereas  with  the  mechanical  break  the  same 
degree  of  coincidence  cannot  be  attained.  The  six  coils  are  placed 
vertically  beneath  an  ebonite  table,  throagh  which  the  connecting 
wires  ai*e  conveyed  in  strong '  glass  tubes,  which  also  serve  as  pillars 
for  supporting  the  sparking  points.  These  points  are  adjustable  for 
any  required  length  of  spark,  and  they  operate  in  a  radial  direction 
against  a  metallic  conductor  surrounding  an  ebonite  disc,  which,  by 
means  of  an  india-rubber  band  and  multiplying  gear,  can  be  very 
rapidly  rotated ;  and,  whether  it  be  at  rest  or  in  motion,  it  serves  as 
a  collector,  from  which  the  united  output  of  the  coils  can  be  drawn 
off.  By  rotating  the  wheel  and  conveying  the  carrent  throagh  a 
series  of  Geissler  tubes  fixed  upon  it  in  various  positions,  extremely 
brilliant  symmetrical  figures  can  be  produced,  but  for  all  other 
purposes  rotation  is  dispensed  with,  exC'Cpt  to  the  extent  of  slight 
movements  to  regulate  the  length  of  spark  without  altering  the 
adjustment  of  the  points.  A  switch-board  is  provided  for  the  purpose 
of  regulating  the  number  of  coils  to  be  thrown  into  action,  so  that 
they  can  be  used  singly  or  in  any  required  number. 

The  power  of  this  apparatus  as  indicated  by  the  voltameter  is  much 
greater  than  that  of  the  large  hydro-electric  machine  made  for  the 
Polytechnic  Institution,  but  it  is  very  inferior  to  it  in  regard  to  length 
of  spark,  to  which,  however,  I  attach  but  little  importance.  I  find  it 
well  adapted  for  experimental  investigation,  and  I  have  obtained  with 
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it  some  yery  interesting  results.     A  drawing  of  it  accompanies  this 
paper  (Plate  2). 

Mj  attention  was  at  first  directed  to  tlie  heating  effect  of  the 
secondary  current  at  an  air  gap  on  its  circuit.  The  amount  of  heat 
developed  at  this  point  when  all  the  coils  were  in  operation  proved 
unexpectedly  large,  and  I  was  surprised  to  find  it  almost  entirely  con- 
fined to  the  negative  side  of  the  gap.  I  found,  also,  that  when  the 
current  passed  in  sparks  very  little  heat  was  exhibited.  It  was  only 
when  the  passage  of  the  current  assumed  the  appearance  and  condi- 
tion of  an  arc  that  the  heat  came  into  prominence.  Taking  platinum 
wires  of  No.  27  B.W.  gauge  for  the  positive  and  negative  terminals, 
which  I  shall  call  electrodes,  to  distinguish  them  from  the  sparking 
points  at  the  collector,  I  found  that  the  ends  could  be  drawn  asunder 
to  a  distance  of  fully  an  inch  before  a  decided  stream  of  crackling 
sparks  was  elicited,  and  even  then  the  sparks  presented  a  hazy 
appearance.  On  re-advancing  the  ends  to  each  other  the  sparks 
diminished,  while  the  haze  increased  and  gradually  assumed  the  con- 
dition of  a  pale  blue  arc.  At  a  distance  of  0*6  inch  a  well-defined 
arc  could  be  maintained,  though  not  without  a  slight  admixture  of 
faint  sparks,  which  followed  the  curvature  of  the  arc.  At  this  dis- 
tance the  heat  was  sufficient  to  fuse  the  end  of  the  platinum  wire 
forming  the  negative  electrode,  but  the  heat  did  not  reach  its  maximum 
until  the  separating  distance  was  reduced  to  a  few  hundredths  of  an 
inch.  At  that  small  distance  the  negative  platinum  melted  with 
great  rapidity,  and  ran  back  in  a  globule  until  it  got  out  of  meltin<^ 
range  of  the  arc.  By  following  up  the  melted  globule  by  steadily  ad- 
vancing the  positive  wire,  the  negative  wire  fused  at  the  rate  of 
nearly  3  inches  per  minute  ;  but,  however  long  this  process  was  con- 
tinued, the  positive  wire  remained  to  all  appearance  perfectly  cool. 
Retaining  the  positive  wire  unaltered,  I  increased  by  successive  steps 
the  thickness  of  the  negative  wire,  to  determine  the  point  at  which  it 
became  too  thick  to  melt  and  run  back  in  a  globule,  and  it  was  not 
until  I  increased  the  thickness  up  to  16  gauge,  which  corresponds  to 
a  diameter  of  0*065  inch,  that  I  reached  this  limit.  With  that  wire 
the  end  melted  into  a  rounded  form,  but  no  longer  receded  in  a 
gathering  globule,  as  thinner  wires  did.  IHdioplatinum  wire  of  21 
gauge,  containing  70  per  cent,  of  iridium,  readily  melted  and  receded, 
though  not  rapidly,  until  the  globule  fell  by  its  weight.  In  this 
instance  the  light  emitted  from  the  globule  was  so  intolerably  bright 
as  to  require  darkened  spectacles  to  view  it  with  impunity.  I  next 
proceeded  to  ascertain  how  far  it  was  necessary  to  reduce  the  thick- 
ness of  the  positive  wire  before  it  exhibited  an  equal  degree  of  heat 
with  the  thickest  wire  opposed  to  it  on  the  negative  side,  and  I  found 
that  I  had  to  diminish  its  diameter  to  31  gauge  before  this  e(\uaUt^ 
was  reached.    Now,  the  sectional  area  of  No.  \6  ^\v^  >»  ^  ^va^w^ 
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the  area  of  No.  31  gaage,  and  from  these  figures  an  estimate  may  be 
formed  of  the  difference  in  the  development  of  heat  on  the  negative 
and  positive  sides.  When  1  employed  two  carbon  electrodes  of  eqnal 
thickness  the  greater  development  of  heat  on  the  negative  side  was 
still  very  decided,  though  the  difference  was  not  so  conspicnons  as  in 
the  case  of  the  platinnm  electrodes.  In  the  arc  lamp  the  superiority 
of  heat  is  largely  on  the  positive  carbon,  and  it  is  difficult  to  account 
for  the  contrary  result  obtained  in  my  experiments. 

I  further  varied  these  experiments  by  taking  the  positive  discharge 
from  the  surface  of  acidulated  water,  in  which  case  the  negative 
electrode  was  melted  by  the  arc  flame  springing  from  the  water.  I 
also  used  for  the  positive  electrode  a  lump  of  ice  sprinkled  with  salt 
to  make  it.  conduct,  and  obtained  the  same  result.  A  reversal  of  the 
current  made  the  water  boil  at  the  surface  and  melted  a  hole  in  the 
ice,  while  the  positive  platinum  remained  unheated  as  usual.  In 
another  experiment  I  enclosed  the  two  platinum  electrodes  in  glass 
tubes  sealed  at  the  outer  end,  leaving  about  ^  inch  of  the  platinuni 
wire  (No.  27)  projecting  beyond  the  glass.  These  sealed  ends  I  im- 
mersed in  distilled  water,  and  succeeded  in  melting  the  exposed  por- 
tion of  the  negative  wire  while  submerged  in  the  water. 

In  another  case  I  used  an  iron  wire  (No.  20  gauge)  on  the  negative 
Hide,  retaining  the  platinum  wire  for  the  positive  electrode.  In  this 
instance  the  melted  globnle  ran  back  very  quickly  to  a  distance  of 
about  I  inch,  then  stopped  and  burst  into  intensely  brilliant  flame, 
which  showed  a  strong  disposition  to  ci*08s  over  to  the  opposite  side, 
but  appeared  to  be  beaten  back  by  the  blue  flame  of  the  arc.  Part, 
however,  did  reach  the  positive  electi*ode,  and  condensed  upon  it  iu 
the  state  of  an  oxide.  My  attention  having  been  thus  directed  to  an 
appearance  of  conflict  in  the  arc,  I  discarded  the  iron  wire  and  snb- 
stituted  a  platinum  wire  dipped  in  a  brine  of  common  salt,  so  as  to 
impart  a  distinguishing  yellow  colour  to  any  flame  that  might  issue 
from  the  negative  side  in  opposition  to  the  flame  emanating  from  the 
positive  side.  This  caused  the  arc  to  be  exhibited  under  two  colours 
— a  very  decided  yellow  on  the  negative  side,  and  the  same  pale  hazy 
blue  as  before  on  the  positive  side,  but  the  yellow  flame  was  beaten 
back  by  the  blue  flame.  Flecks  of  yellow  could,  however,  be  seen  to 
get  across  occasionally.  It  was  not  so  easy  to  produce  yellow  flame 
from  the  positive  electrode,  because  there  was  not  sufficient  heat  in 
the  positive  wire  to  volatilise  the  salt ;  but  by  using  a  separate  wire 
encrusted  wii;h  salt,  and  holding  it  alternately  immediately  in  front 
of  each  electrode,  I  could  produce  yellow  flame  on  either  side  and 
observe  the  difference  of  its  behaviour  in  the  two  cases.  When  held, 
on  the  positive  side  a  dense  unbroken  stream  of  yellow  flame  sup- 
planted the  previous  blue,  and  passed  over  bodily  to  the  opposite 
wire;  but  when  held  on  the  negative  side  the  yellow  flame  struggled 
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witb  comparative  feebleness  to  croHS  over,  and  only  readied  tbo 
poaitiTe  wire  in  soanty  fragmentary  portions.  These  appearancfH 
were  strongly  snggestiTe  of  a  dominating  force  emanating  from  the 
pontive  Hide  and  opposed  by  a  weaker  force  of  the  same  nature  in  the 
opposite  direction.  The  opcillations  which  are  known  to  attend  every 
dismptive  discharge  necessarily  involve  passages  from  }be  negative 
as  well  as  the  positive  side.  In  fact  the  spark  mnst  be  regarded  as 
consisting  of  a  dying  ont  alternating  cnrrent  of  prodigious  frequency 
in  which  the  posilive  alternations  have  , the  ascendency  over  the  so- 
called  negative  ones  \  the  excess  constitating  the  available  cnrrent. 

Ahbongh  the  arc  flame  presented  no  appearHiice  of  flowing  motion, 
I  tbonght  it  neceBsftry  to  test  the  qnestion  of  any  movement  in  the 
longitndinal  direction  by  bringing  the  arc  in  contact  with  light 
powdered  sabstances.  For  this  pnrpose  I  placed  a  small  hesp  of 
chalk  dnst  upon  a  plate  of  mica,  and  caused  the  arc  Hamo  to  pass 
throogh  it,  but  none  of  the  dost  was  moved  lengthwayc.  The  dis- 
placement was  entirely  lateral,  the  material  being  neatly  heaped  up 
on  each  side  in  a  ridge,  which  curved  inwards  towards  the  points  of 
the  electrodep,  beyond  which  no  displacement  was  visible.  The  action 
appeared  to  be  that  of  a  gentle  pnah,  rather  than  that  of  a  sadden 
impnlse ;  but  when  sparks  passed  instead  of  flame,  a  scattering  force 
was  exerted,  wliich  operated  sidewayK,  and  not  in  the  track  of  the 
spark.  In  this  case  I  observed  that  the  scattered  dust  showed  a 
tendency  to  settle  upon  the  plate  in  curved  lines  and  symmetrical 
figures.  I  followed  up  this  hint  by  sifting  fine  black  dust  upon 
white  cardboard  and  passing  sparks  over  the  surface,  and  I  thns 
obtained  most  unmistakable  proof  of  symmetrical  arrangement. 
This,  however,  was  only  a  crude  method  of  procedure,  and  it  required 
a  great  deal  of  pemevemnce  and  innumerable  trials  before  I  suc- 
ceeded in  producing  the  efTect  in  a  satisfactory  manner.  At  lengih, 
however,  I  was  enabled  to  prodnce  perfect  dnst  figares  which  pre- 
sented pictures  of  the  disruptive  dischai^e  revealing  the  existence  of 
forces  of  which  the  eye  conld  otherwise  take  no  cognisance.  Many  of 
these  figares  I  got  photographed  on  the  spot,  and  a  selection  of  them 
accompanies  this  paper.  They  represent  the  effect  not  of  a  single 
discharge  but  of  a  sQccession  of  sparks,  generally  beginning  with  a 
light  one  and  gradually  increasing  the  power  as  the  dispersion  pro- 
gressed. To  put  111!  the  power  into  one  discharge  had  too  mncli 
dispersive  effect  and  produced  great  irregularity  in  the  figure,  A 
perfectly  even  sifting  of  the  dust  was  also  essential  to  a  good  resnlt, 
and  this  conld  only  be  effect«d  by  the  entire  exclusion  of  air  draughts 
and  a  regulated  action  of  the  sieve.  The  best  kind  of  dust  to  be 
used  and  its  proper  degree  of  fineness  were  also  matters  requiring 
many  experiments  to  determine.  The  duitt  which  I  ultimately  used 
consisted  of  calcined  magnesia  worked  ap  in  &  inGT\A.v  'nV^%,v^%.- 
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cient  qnantitj  of  pure  carbon  to  give  a  dark  slate  colour  to  the  com- 
bined mass.  The  carbon  was  in  the  form  of  an  impalpable  powder, 
and,  I  believe,  consisted  of  purified  )a,mp  black.  I  tried  every  variety 
of  discharge  I  could  think,  of —^sometimes  weak  and  sometimen  strong 
— sometimes  from  a  single  coil  and  sometimes  from  several  in  com- 
bination. The  most  powerful  sparks  were  obtained  by  using  all  the 
six  coils  in  parallel  and  discharging  them  simultaneously  by  the 
action  of  a  single  alcoholic  contact  breaker  common  to  the  whole.  I 
also  used  a  Leyden  battery,  consisting  of  four  -j^gallon  jars,  which 
I  joined  up  in  various  ways  both  in  parallel  and  in  series,  and  in 
some  cases  introduced  a  wet  string  to  soften  the  discharge. 

The  circular  lines  which  surround  the  main  discharge,  both  hori- 
zontally ^nd  transversely,  first  demand  attention.  They  appear  to 
represent  sections  of  concentric  layers  or  shells,  of  which  the  spark  is 
the  nucleus.  Their  great  similitude  to  the  lines  of  force  represented 
by  iron  filings  under  the  influeuce  of  a  magnet  is  suggestive  of  isimilar 
causation,  but  I  could  not  find  any  proof  of  their  identity.  The  dis- 
tance to  which  this  circular  action  extended  was  far  beyond  the  limit 
exhibited  by  the  photographs.  By  laying  patches  of  extremely  light 
dust  on  paper  at  various  outside  distances,  I  distinctly  traced  these 
lines  at  a  distance  of  18  inches  from  the  centre  of  dispersion,  and 
there  can  be  little  question  of  the  action  existing  in  a  lessened  degree 
at  a  still  greater  distance.  It  can  hardly  be  doubted  that  the  particles 
of  dust  are  linked  together  by  polar  attraction,  and  they  probably 
repi*esent  similar  conditions  of  the  air  jerl^ed  out  by  the  discharge, 
but  whether  it  be  possible  to  regard  them  as  indications  of  tracks  of 
diffused  discharge  of  a  different  character  from  that  of  disruption  is 
more  than  I  .d^re  venture  to  say.  I  am  .satisfied  that  they  are  not 
mere  ripples  resulting  from  pulsatory  vibrations  of  air,  for  I  find 
that  radial  pulsations  produced  by  mechanical  means  merely  clear  a 
circle  without  the  least  tendency  to  form  similar  rings.  I  made  the 
experiment  by  stretching  a  membrane  over  a  tin  cylindrical  box, 
with  a  small  air  tube  leading  from  the  bottom  to  near  the  surface  of 
a  dusted  card.  The  membrane  was  then  set  in  motion  by  a  rapid 
succession  of  light  taps,  which  dispersed  the  dust  in  the  same  manner 
as  the  spark  did,  but  not  the  least  indication  of  circular  lines  could 
be  seen,  and  yet  air  puffs  play  an  important  part  in  the  process, 
for  the  effects  are  greatly  modified  by  screens,  as  will  presently 
appear. 

The  figures  also  show  in  the  most  unmistakable  manner  that  the 
wires,  as  well  as  the  spark,  exercise  a  dispersive  force.  1  am  inclined 
to  think  that  the  dispersive  action  of  the  wire  differs  only  in  degree 
from  that  of  the  spark.  We  see  in  the  lines  emanating  from  the 
wires  evidence  of  a  molecular  disturbance  in  the  material  which 
shoots  off  the  molecules  of  air  in  contact  with  the  wire.     When  the 
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Motion  is  veiy  stronff,  u  it  ig  near  the  sparking  terminalB,  tha 
eztemal  molecnlea  of  the  metal  are  themselyes  shot  off,  aa  is  evident 
from  the  fact  that  the  positive  wire  becomes  reduced  to  a  neck  a  little 
in  rear  of  the  sparking  end  when  subjected  to  a  prolonged  sttccession 
of  Leyden  battei7  discbai^s.  It  is  also  well  known  that  if  &  dis- 
charge from  a  powerini  Leyden  battery  is  sent  through  a  very  fine 
wire,  the  whole  wire  is  exploded.  Under  ordinary  conditions  the 
cohesion  of  the  molecules  rostrains  their  movement  within  very 
narrow  limits,  and  confines  their  action  to  mere  impalae  on  the  snr- 
ronnding  air.  Now,  it  appears  to  me  that  we  may  regard  the  track 
of  the  spM-k  aa  a  line  of  conducting  air,  which,  having  no  cohesion 
to  keep  its  molecnlea  together,  is  exploded  at  every  discharge,  and, 
consequently,  produces  a  far  greater  araonnt  of  dispersion  than  the 
wire.  The  force*  of  the  lateral  discharge  at  short  distance  is  very 
great.  In  all  oases  the  dnst  beneath  the  conducting  wires  was  struck 
into  the  card,  so  as  to  leave  a  permanent  delineation  of  the  wire. 
The  dust  also  over  all  parts  of  the  figure,  where  the  action  was 
strong,  was  forced  into  the  card,  so  as  to  leave  a  stain  after  the  loose 
dnst  was  shaken  off,  and  thus  a  stained  picture  of  remtu-kahle 
accuracy,  embracing  the  greater  part  of  the  figure,  was  in  some  cases 
preserved. 

In  all  the  figures  the  emanations  from  the  positive  and  negative 
wires  are  of  the  same  character,  bat  present  a  great  superiority  of  power 
on  the  positive  side.  This  superiority  is,  however,  much  greater  in 
the  case  of  coil  discharges  than  in  battery  discharges.  This  may  be 
attributed  to  the  oscillations  between  the  inside  and  outside  coatings 
of  the  Leyden  jars  suffering  far  less  degradation  than  thone  between 
the  terminals  of  the  coils.  If  there  were  no  degradatiou,  the  forces 
exerted  on  the  positive  and  negative  side  would  be  eqaal  and  ever- 
lasting. The  applicatioQ  of  wet  string  to  the  battery  lessens  the 
difference  between  these  opposite  forces,  bnt  it  augments  the  lateral 
dii>plaoement  of  dnst  from  both  wires  while  it  diminishes  the  explo- 
sive force  of  the  spark. 

Diagrams  of  the  dust  Bgnres  are  annexed  (Plates  2—13),  but, 
thongh  admirably  drawn,  they  necceearily  fall  short  of  the  photo- 
graphs in  showing  the  delicate  lines  and  shadings  of  the  actual 
figures.  To  suit  the  pages  of  the  *  Proceedings,'  the  diagrams  are 
reduced  to  about  half  the  size  of  the  originals,  bnt  the  exact  scale  is 
marked  on  each.     The  following  is  a  descriptive  list  of  the  figures : — 

No.  1  was  produced  by  a  succession  of  sparks  from  six  combined 
ceils  discharged  simultaneonaly.  The  tracks  of  the  sparks,  the  sur- 
rounding circular  lines,  the  impress   of  the  positive  and  negative 

*  In  ana  csas  I  knocknd  a  large  pieoe  out  of  the  bottom  of  &  thick  gUn  through, 
oontunins  odIj  an  inch  depth  of  water,  by  discharging  an  under- water  >puk  a\on£ 
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wires,  the  strong  emanations  from  the  positive  wire  and  the  feeble 
ones  from  the  negative,  are  shown  in  this  figure,  as  well  as  in  most  of 
those  which  are  to  follow. 

No.  2  may  be  regarded  as  a  transverse  section  of  No.  1,  being  pro- 
duced by  similar  sparks  delivered  vertically  throngh  a  hole  in  the 
dnst  plate  when  fixed  horizontally  midway  between  the  sparking 
points.  It  shows  that  the  discharge  is  surrounded  by  circular  lines 
in  the  transverse  as  well  as  in  the  longitudinal  direction. 

No.  3  is  a  similar  transverse  section  taken  a  little  in  front  of  the 
positive  point. 

No.  4  is  the  same  thing  taken  immediately  in  front  of  the  negative 
point. 

No.  5  is  taken  transversely  immediately  behind  the  positive  point, 
and  shows  the  radiations  issuing  from  that  part  of  the  wire. 

No.  5a  shows  similar  radiations  from  the  positive  wire  at  a  distance 
of  about  12  feet  in  rear  of  the  sparking  point. 

No.  6  was  produced  by  a  succession  of  discharges  from  four 
^•gallon  Leyden  jars  joined  up  in  pairs,  two  in  parallel  and  two  in 
series.  It  will  be  observed  that  the  circular  lines  are  much  more 
strongly  developed  than  in  the  preceding  figures,  but  that  the  radi- 
ations from  the  wires  are  less  so. 

No.  7  was  produced  in  the  same  manner,  and  shows  the  circular 
lines  still  more  highly  developed. 

No.  8  is  the  transverse  section  of  No.  7  taken  in  the  same  manner 
as  No.  2. 

No.  9  is  the  same  as  No.  7,  except  that  the  conducting  wires  are 
brought  down  upon  the  card  at  a  steep  angle. 

No.  10  was  produced  with  battery  discharges  in  the  same  manner 
as  No.  6,  but  with  a  short  wet  string  introduced  to  soften  the  dis- 
charge. This  had  the  effect  of  greatly  increasing  the  radiations  both 
from  the  positive  and  negative  wires,  while  it  reduced  the  develop- 
ment of  the  circular  lines. 

No.  11  was  produced  under  the  same  conditions  as  in  the  preceding 
case,  except  that  the  wet  string  was  considerably  lengthened. 

No.  12  was  similarly  produced,  but  with  a  still  further  increase  in 
the  length  of  the  wet  string. 

No.  13  was  produced  without  any  visible  discharge  across  the  dust 
plate.  The  same  battery  was  used  as  in  the  last  and  several  pre- 
ceding cases,  but  the  Leyden  jars  were  allowed  to  leak  sufficiently  to 
prevent  their  reaching  the  sparking  point.  The  same  effect  may  be 
produced  by  taking  the  discharge  at  a  by-pass  with  a  shorter  spark- 
ing gap  than  that  on  the  dust  plate. 

No.  14.  In  this  case  the  battery  was  discarded  and  sparks  only 
from  the  combined  coils  were  used,  the  same  as  in  No.  1.  It  shows 
the  effect  of  splitting  the  positive  current  by  the  use  of  a  double  wire 
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re-united  at  the  sparkiu^  point.  The  doable  wire  is  bent  into  oppo- 
sing bends  nnd  angles  to  show  the  repellent  action  of  the  radial 
eoianations  from  the  wires.  The  resting  places  of  the  daat  are  verj 
beantifnlly  shown  by  the  darkened  spaces  in  this  figure. 

No.  15  was  prodnced  in  the  same  manner  as  the  preceding,  but  on 
glasa  instead  of  card.  Aa  the  dast  is  so  Terj  easily  moved  on  glass, 
only  one  coil  was  used,  and  it  is  remai'kable  that  the  dispersive  effect 
exhibited  by  the  double  positive  wires  is  actually  greater  than  that 
of  the  spark  itself.  It  will  be  eeeii  that  the  dark  impress  of  the  wire 
is  more  marked  upon  the  glass  than  upon  the  card.  It  will  be  ob- 
served also  that  there  is  a  very  peculiar  dark  band  lying  outside  of 
each  wire  and  mnning  pai'allel  with  it,  and  that  each  of  thexe  bands 
mei^s  in  a  dark  patch  lying  on  each  side  of  the  sparking  point. 
These  bands  and  patches  may  be  assumed  to  represent  places  wliere 
the  dispersive  force  is  considerably  subdued. 

No.  16  is  a  transverse  section  of  battery  dischnrffes  showing  the  de- 
flections of  the  circular  lines  produced  by  the  interference  of  six 
glass  tubes  2^  inches  long  and  ^  incli  in  diameter,  erected  on  the 
ilnst  plate  at  equal  distances  from  the  centre  and  from  each  other. 
It  will  be  observed  that  the  lines  are  not  obliterated  behind  the  tabes 
and  that  curious  new  curves  are  developed. 

No.  17  shows  similar  effects  produced  by  heavier  discharges  on  a 
more  thickly  covered  dust  plate.  In  this  case  it  will  be  seen  that 
the  circular  outline  of  the  figure  is  changed  by  the  operation  from 
a  circular  to  a  twelve-sided  form.  A  blunted  angle  is  thrown  out 
opposite  each  glass  tnbe  and  another  midway  between  every  two. 

No.  18  shows  another  dost  plate  similarly  treated,  but  more  lightly 
covered  and  withont  the  gloss  tubes,  instead  of  which  two  flat  screens 
of  cardboard,  3  inches  high  and  2  inches  wide,  were  fixed  perpen- 
dicularly on  opposite  sides  of  the  centre.  In  this  case,  althoagh  the 
lines  curve  inwards  behind  the  screens,  they  gradually  die  out 
towards  the  centre  and  leave  the  middle  portion  undisturbed,  but  by 
reducing  the  height  of  the  screens  to  the  level  of  the  sparking  point 
the  whole  sheltered  space  became  wholly  filled  up  with  lines  as  in  the 
two  previous  cases. 

No.  Id  shows  the  effect  of  inverting  two  wine  glasses  upon  the 
dust  plate  so  as  to  cover  two  circnlar  patches  of  the  dnst  and  protect 
them  from  the  action  of  the  air.  In  this  oaae  no  lines  were  fonnd 
within  the  glasses. 

No.  20  shows  a  stained  figure  remaining  on  the  card  after  the  duRt 
was  shaken  off.  Although  there  are  some  small  portions  where  the 
stain  has  failed  to  take  effect,  the  figure  is,  upon  tbe  whole,  preserved 
with  remarkable  accuracy. 

No.  21  is  another  example  of  a  stained  figure  in  which  some  of  the 
circular  lines  are  disoemihte. 
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[No.  22  shows  a  circular  barrier  of  six  wooden  hemispheres,  each 
1}  inches  diameter,  and  touching  one  another,  formed  round  the  centre 
of  the  dust  plate,  and  the  dust  was  swept  off  the  inner  space  before 
making  the  experiment.  The  positive  sparking  point  was  level  with 
the  top  of  the  hemispheres,  and  the  discharges  were  delivered  from  a 
Leyden  battery  of  two  ^-gallon  jars  in  series.  It  will  be  seen  that 
the  whole  of  the  dust  outside  the  barrier  is  thrown  into  lines  which 
form  arches  over  each  touching  point  of  the  hemispheres,  and  that  the 
spandrils  are  filled  up  with  inverted  curves.  Although  it  is  not  easy 
to  see  how  these  arches  and  curves  can  be  attributed  to  eddies,  yet 
appearances  favour  the  view  that  the  lines  are  due  to  the  combined 
effect  of  obstructed  air  drift  and  electric  polarity.  A  barrier  formed 
by  a  continuous  perpendicular  screen  of  the  same  height  as  the  hemi- 
spheres almost  entirely  prevents  the  formation  of  lines. — June  9.] 

Reverting  to  the  subject  of  the  development  of  heat  at  the  nega- 
tive side  of  the  arc,  the  question  arises,  from  what  source  is  the  heat 
derived  ?  It  cannot  be  acquired  by  conduction  from  the  flame,  for 
mere  conduction  would  heat  both  wires  alike,  nor  can  it  be  the  result 
of  convection,  for  the  arc  is  stagnant  in  the  longitudinal  direction. 
The  only  explanation  I  can  see  is  that  the  negative  wire  requires 
time  to  take  up  the  sudden  gushes  of  current  that  come  over  from 
the  opposite  side,  and  which,  not  being  instantly  carried  onward,  pro- 
duce a  tumultuous  agitation  of  molecules  at  the  receiving  end  of  the 
wire,  resulting  in  the  manifestation  of  heat.  The  thicker  the  wire 
the  greater  the  facility  of  passing  on  the  current,  and  hence  less  heat 
is  evolved  in  a  thick  than  in  a  thin  wire.  On  the  other  hand,  the 
positive  wire  receives  comparatively  small  returns,  and  therefore  a 
relatively  thin  wire  suffices  to  pass  on  the  pulsations  without  its  being 
heated  to  ignition.  But  the  question  remains,  why  is  it  that  so  much 
less  heat  is  produced  by  the  spark  discharge  than  by  the  arc  dis- 
charge ?  Probably  the  chief  reason  is  that  the  spark  represents  less 
quantity  of  current,  though  higher  in  potential.  Another  reason  may 
be  that  the  spark  expends  more  energy  in  mechanical  disturbance 
than  the  arc.  Then,  again,  there  is  the  question,  what  is  the  relation 
between  the  spark  and  the  arc  ?  I  cannot  find  that  the  spark  is 
possessed  of  mechanical  impulse  in  the  direction  of  its  length  any 
more  than  the  arc.  Both  produce  lateral  but  not  longitudinal  dis- 
persion. I  have  discharged  a  quick  succession  of  powerful  sparks  in 
a  downward  direction  so  as  to  pierce  a  piece  of  thick  cardboard  sus- 
pended from  a  delicate  balance-beam,  but  without  effecting  any  de- 
cided disturbance  of  the  balance.  Every  spark  left  a  burr  on  each 
side  of  the  card  apparently  equal  in  size,  which  alone  is  sufficient 
to  show  that  the  spark  does  not  pierce  like  a  needle.  Probably 
the  arc  and  the    spark   are  of   much   the   same   nature,  the   spark 
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being  a  single  act  of  discharge  and  the  arc  a  maltitndtnonB  sticces- 
sioa  of  miantely  divided  sparks,  of  which  none  are  sufficiently 
strong  to  produce  any  violent  disturbance  of  the  adjacent  air.  The 
hissing  soond  emitted  by  the  arc  seems  to  f&Tonr  this  view. 

I  now  oome  to  another  set  of  experiments,  which  will  only  require 
a  brief  notice.  They  wore  designed  to  show  the  effect  of  passing 
both  the  arc  and  the  spark  through  an  intervening  combustion 
flame. 

Speaking  generall;,  the  intervention  of  flame  has  much  the  same 
effect  in  increasing  the  length  of  the  disruptive  discharge,  whether 
in  the  shape  of  arc  or  spark,  that  is  effected  by  rarefaction  of  air; 
but  I  will  here  only  particularise  some  carious  effects  I  obtained  with 
the  flame  of  paraffin  candles.  The  auneied  series  of  illustrations 
exhibit  the  effects  obttei-ved  in  each  case. 


Fig.  1   shows  the  positive  wire  immersed  in  the  flame  and  tl 
negative  wire  clear  of  lb,  both  wires  being  of  platianm  and  of  £ 
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gauge.  A  brilliant  jet  of  pale-jellow  flame  was  projected  from  tbe 
positive  wire  as  shown,  but  did  not  go  beyond  the  candle  flame. 
Nothing  was  to  be  seen  in  tbe  interval  between  the  flame  and  the 
negative  wire,  which,  nevertheless,  heated  as  usual.  It  is  quite 
possible,  however,  that  there  might  be  an  arc  commnnication 
rendered  invisible  by  the  intense  brilliancy  of  the  jet  within  the 
candle. 

Fig.  2  shows  the  negative  wire  immersed  in  the  flame  and  the 
positive  clear  of  it.  Here  the  direction  of  the  jet  was  reversed, 
and  the  negative  wire,  instead  of  heating,  became  covered  with  a 
clot  of  carbon ;  but  with  a  thinner  wire  the  negative  did  heat,  and  no 
clot  of  carbon  was  formed. 

Fig.  3  shows  the  effect  when  both  wires  were  clear  of  the  flame, 
la  this  case  two  jets  of  brilliant  light  appeared  in  the  flame  with  a 
slight  separation  and  an  appearance  of  conflicb  between  them. 

Fig.  -1  shows  two  candles  brought  together  so  as  to  form  one  broad 
flame  in  which  both  wires  were  immersed.  In  this  case  a  large  clot 
of  carbon  accumulated  on  both  wires,  and  neither  of  them  heated. 
An  examination  of  the  carbon  showed  it  to  be  deposited  in  verj 
beautiful  florescent  and  fern-like  forms.  It  would  have  quickly 
flUed  up  the  whole  interior  of  the  flame  had  flakes  not  fallen  off  as 
the  mass  grew  in  size. 

Fig.  5  shows  the  two  candles  drawn  asunder  so  as  to  leave  a  small 
vacant  space  between  them.  Nothing  could  be  seen  to  pass  this 
dividing  space,  but  the  results  remained  the  same  as  in  the  previous 
case. 

The  repellent  action  which  is  exhibited  in  all  these  cases  is  not  easy 
to  explain,  seeing  that  the  discharge  on  both  sides  seems  bounded  by 
the  exterior  of  the  candle  flame. 

I  am  at  present  continuing  my  experiments,  but  under  the  altered 
conditions  of  discharge  in  rarefied  air.  As  these  experiments  are  far 
from  complete,  I  mnst  reserve  them  for  a  future  communication. 

I  must  not,  however,  close  this  present  paper  without  referring  to 
an  experiment  of  quite  a  different  type  from  any  of  the  preceding,  and 
which  was  made  long  ago  with  my  large  hydro-electnc  machine, 
lu  that  instance  two  wine  glasses,  filled  to  the  brim  with  specially- 
distilled  water,  were  placed  in  juxtaposition,  leaving  only  a  space  of 
about  ^  inch  between  them.  A  long  cotton  thread  was  then  coiled 
up  in  one  glass  and  the  upper  end  of  the  thread  dipped  into  the 
water  of  the  other  glass.  When  the  steam  was  turned  on  the  thread 
was  drawn  out  of  the  glass  in  which  it  was  coiled  and  conveyed  with 
great  rapidity  into  the  other  glass,  and  for  a  few  moments  a  rope  of 
water  remained  suspended  between  the  lips  of  the  two  glasses.  It 
was  only  when  the  machine  was  at  its  maximum  power  that  I  could 
do  this,  and  it  never  reached  its  highest  power  when  used  within  the 
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Loudon  boilding ;  but  with  laj  multiple  machine  I  have  saccAeded  \a 
roproduoing  tbe  experiment  in  a  modified  form.  Taking  two  glasBen 
of  the  form  shown  in  fig.  6,  placed  near  to  each  other  as  in  tlie 
original  experiment,  I  inserted  in  one  of  them  a  block  tin  cop  in  the 
<r  shown  in  the  fignre.  lutu  thiscnp  I  coiled  a  string  composed 
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of  ten  strands  of  fine  lamp  cottoD,  whioli,  when  laid  toffether,  were 
cf  a  sufficient  section  to  make  an  easy  fit  fur  a  hole  of.  J  inch  in 
diameter.  The  uegatire  wire  was  put  in  contact  with  the  tin  cu|i 
and  the  positive  wire  was  inserted  in  the  other  glass.  The  uppei- 
end  of  the  cotton  string  was  then  laid  over  the  edges  of  the  lw» 
glasses,  and  the  tiu  cup  and  the  positive  glass  were  then  each  filled 
with  ohemioally  pure  water  up  to  the  same  level.  When  the  current 
waa  turned  on  the  cotton  string  commenced  to  crawl  over  the  edges  of 
the  two  glasses,  and  never  ceased  to  travel  until  it  was  bodily  trans- 
ferred from  the  negative  cup  into  the  positive  glass.  It  was  natural  to 
expect  that  the  water  with  which  the  cotton  was  loaded  would  travel 
with  the  cotton  and  raise  the  level  of  the  water  in  the  positive  glaSH 
above  the  level  of  that  in  the  tin  cup,  but  the  contrary  was  the  case. 
The  water  lowered  in  the  positive  glas!)  and  overflowed  in  the  tin  cup, 
the  surplus  descending  into  the  empty  space  beneath  the  cup,  where 
its  quantity  could  be  seen  and  estimated.  In  short,  the  cotton 
travelled  one  way  and  the  water  the  other,  notwithstanding  that  tlie 
flow  of  the  water  was  in  opposition  to  the  motion  of  the  cotton.  No 
spark  passed  between  the  glasses  until  the  tail  of  the  cotton  ceased 
to  touah  the  water  in  the  cup,  and  then  sparks  passed  iu  profusion. 
When  the  cotton  was  restrained  from  travelling,  the  water  came  over 
from  the  positive  side  in  greater  abundance,  but  wbeu  the  cotton  waa 
dispensed  with,  and  the  gnp  between  the  vessels  was  bridged  bv  a 
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siphon  glass  tabe,  the  water  entirely  ceased  to  pass.  I  am  therefore 
led  to  believe  that  the  intervention  of  capillarity  is  essential  to  the 
production  of  the  effect. 

The  tin  cnp  is  not  essential  to  this  experiment,  and  was  merely 
used  to  afford  a  separate  lodgment  for  the  water  brought  over  from 
the  opposite  side,  and  at  the  same  time  make  the  best  possible  contact 
with  the  water  it  contained. 

Fig.  7  shows  this  experiment  in  a  still  more  striking  form.  In 
this  case  the  positive  glass  was  dispensed  with,  and  the  upper  end  of 
the  cotton  coil  was  passed  into  a  glass  bulb  through  a  nozzle,  the 
aperture  in  which  was  just  sufficient  for  the  cotton  to  fill  without 
appreciable  friction  in  moving.  A  knot  was  made  at  the  end  of  the 
cotton  to  prevent  its  dropping  back  through  ihe  aperture,  and  water 
was  then  poured  into  the  bulb  until  nearly  full,  and  a  cork,  with  the 
conducting  wire  through  it,  was  inserted.  The  bulb  was  held  over 
the  metallic  cup  with  the  nozzle  dipping  into  the  water.  When  the 
current  was  turned  on  the  cotton  climbed  up  yertically,  and  continued 
to  pass  until  it  filled  the  bulb.  Even  when  the  nozzle  was  lifted  a 
quarter  of  an  inch  clear  of  the  water  the  cotton  continued  to  travel. 
The  smallest  particle  of  salt  added  to  the  water,  or  a  minute  quantity 
of  anything  that  increased  its  conducting  power,  destroyed  the  effect 
and  caused  gas  to  appear  at  the  electrodes. 

The  only  experiment  that  I  know  of  that  presents  any  analogy  to 
the  effect  thus  obtained  is  that  which  appears  to  depend  upon  what 
is  called  electrical  endosmose,  in  which  case  a  porous  diaphragm  has 
the  power  of  transmitting  water  from  a  cell  containing  a  positive 
electrode  into  an  adjoining  one  containing  a  negative  electrode.  If 
we  may  assume  the  capillarity  of  the  cotton  to  represent  the  porosity 
of  the  diaphragm,  it  is  reasonable  to  suppose  it  capable  of  transporting 
the  water.  Then  as  to  the  cotton  travelling  in  the  reverse  direction, 
that  may  possibly  be  due  to  the  reaction  attending  the  transmission 
of  the  fluid.  At  all  events  it  would  appear  that  capillarity  is  con- 
trollable by  electricity,  and  the  question  arises,  what  is  the  relation- 
ship between  the  one  and  the  other  ? 

The  difference  in  the  action  of  the  current  in  this  experiment  and 
in  that  which  I  made  with  the  hydro-electric  machine  consists  in 
this : — That  in  the  early  experiment  one  thin  cotton  thread  was 
moved  with  a  high  velocity,  while  in  the  latter  experiment  a  mass  of 
cotton  equal  to  more  than  100  similar  threads  was  moved  with  a 
low  velocity.  This  difference  is  probably  due  to  the  current  being 
continuous  in  the  one  case  and  pulsatory  in  the  other,  also  to  its 
being  of  higher  potential  and  smaller  volume  in  the  hydro-electric 
than  in  the  multiple  machine.  When  I  attempted  to  use  a  single 
fine  thread  with  my  present  machine  the  water  upon  it  immediately 
boiled,  and  the  thread  was  destroyed  by  sparks. 
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Mf  acqn&iiitaiKM  with  the  literatare  of  electrioit;  is  very  limited. 
Others  vocations  bare  for  many  years  diverted  my  thoaghts  and  my 
reading  from  electrical  science,  and  if  I  hare  in  asy  case  advanced  as 
a  novelty  what  baa  been  done  before  I  hope  it  will  be  attributed  to 
ignorance  and  not  to  intention.  It  was  only  within  the  last  few  days, 
and  after  the  foregoing  paper  was  printed,  that  I  was  made  aware  of 
the  fact  that  I  am  not  the  first  to  oae  dost  figures  in  electrical 
research,  bnt  I  am  still  unaware  that  the  experiments  I  have  de- 
scribed have,  in  their  results,  any  sabetautial  coincidence  with 
the  recorded  results  of  other  investigations.* 


"  Ou  the  Simultaneity  of  Magaetiu  Variatioas  at  different 
places  OD  occaeioDs  of  Magnetic  Disturbance,  and  on  tho 
Belation  between  Magnetic  aud  Earth  Current  Pheno- 
mena." By  William  Ellis,  F.R.A.S:,  Superintendent  of 
the  Magnetical  and  Meteorological  Department,  Royal 
Observatory,  (ireenwich.  Communicated  by  W.  H.  M. 
Christie,  F.R.S.  Receired  April  7,— Read  May  5,  1892. 

The  obBerrationB  made  in  a  magnetic  observatory  usually  include 
absolute  measures  of  magnetic  declination,  horizontal  force,  and  dip 
(inclination)  ;  with  photographic  registration  of  the  variations  of 
dediuation,  horizontal  force,  and  vertical  force  ;  to  which  is  added,  at 
Greenwich,  a  photographic  registration  of  earth  currents. 

As  regards  magnetic  variations,  the  observations  made  at  the  Royal 
Observatory  indicate,  for  all  magnetic  elements : — 1.  A  progressive 
change  of  value  which,  when  limited  periods  of  time  only  are  con- 
sidered, is  nearly  constant  from  year  to  year.  2.  A  solar  diurnal 
variation,  the  amplitude  of  which  is  greater  in  summer  and  smaller 
in  winter,  and  wliich  has  also  a  period  sympathetic  with  the  sun  spot 
period,  being  greater  throcghout  the  year  when  snn  spots  are  nnmer- 
OUB,  and  smaller  when  sun  spots  are  few.  There  is  aJHo  a  small  lunar 
diurnal  variation.  3.  The  occurrence  of  days  and  periods  of  irregular 
magnetic  disturbance  or  m^netic  storm,  which  are  more  frequent 
and  of  greater  magnitude  when  son  spots  are  numerous  than  when 
sun  spots  are  few,  being  comparatively  rare  as  well  as  insignificant  in 
character  near  to  the  times  of  minima  of  sun  spots.  Disturbances 
are  also  in  general  more  numerous  in  spring  and  autumn,  than  at 

[*  The  actual  operation  of  producing  duat  fi^rea  bj  the  dUclmrgM  of  &□  induc- 
tion ooil  wu  eihibiled  bj  tbe  author  at  the  conclaiion  of  the  reading  of  Iiis  paper. 
Two  flgore*  were  produced,  the  one  agreeing  vith  diagrtm  "So.  16,  and  the  other, 
a  new  figure,  obtuined  bj  arching  the  potitiTe  wire  sod  caumg  it  to  touch  "itiA 
jdsts  at  a  luooettion  of  poialt.] 
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other  parts  of  the  year.  4.  Earth  currents,  which,  usoaJlj  feeble,, 
are  active  and  strong  at  the  times  of  magnetic  disturbance,  remain- 
ing active  only  so  long  as  disturbance  continues.  In  the  absence  of 
magnetic  disturbance  there  exists  practically  earth  current  calm. 

These  are  the  broad  features  of  magnetic  variations  as  experienced 
at  Greenwich,  and  which  thei'e  is  reason  to  beb'eve  are  generally^. 
similar  at  other  places. 

Having  premised  thus  much,  we  will  now  proceed  with  the  special 
inquiry  to  which  this  paper  is  directed. 

When  magnetic  disturbance  is  experienced  at  Greenwich,  the- 
photographic  registers  show  that,  after  a  period  of  magnetic  calm, 
disturbance  commences  sometimes  very  suddenly,  and  at  other  times 
with  a  premonitory  sign  or  signs.  In  the  latter  case  the  first  indica- 
tion will  not  unf requently  be  a  sudden  and  sharp  movement  occurring 
simultaneously  in  all  elements,  moderate  it  may  "be  in  amount  and  of 
isolated  character,  followed  after  a  shorter  or  lomger  period  by 
general 'magnetic  disturbance  ;  at  other  times  the  first  sharp  move- 
ment ushers  in  at  once  the  distarbance.  In  other  cases  disturbance 
will  arise  gradually  without  any  special  premonitory  indication, 
appearing  in  one  element  before  showing,  in  any  marked  degree,  in 
the  others.  But  when  there  is  sudden  initial  movement,  whether 
great  or  small,  it  is  very  definite  in  character,  and  appears  at  Green- 
wich without  exception  simultaneously  in  the  registers  of  declination^ 
horizontal  force,  vertical  force,  and  earth  currents.  The  instantaneous 
movement  is  the  really  remarkable  point.  Much  larger  motions  will 
occur  during  the  conrse  of  a  magnetic  disturbance,  but  not  usually 
movements  similarly  sudden.  They  are  such  as  will  be  quite 
familiar  to  all  those  who  may  be  acquainted  with  photographia 
registers  of  magnetic  variations,  and  we  shall  see  that  similar 
characteristics  are  observed  at  other  places. 

Now  it  is  known  that  any  considerable  magnetic  disturbance  or 
magnetic  storm  is  felt  over  wide  areas  of  the  earth's  surface,  com- 
mencing and  terminating  at  different  places  at  about  the  same 
absolute  time.  But  how  nearly  such  commencement  is  really  simul- 
taneous at  different  places,  whether  or  not  in  a  much  closer  deg^roe 
than  has  before  been  supposed,  does  not  appear  to  have  hitherto  been 
so  carefully  studied  as  seems  possible.  For  the  initial  movements 
are  so  definite  and  so  suddenly  manifested  that  it  is  evident,  from  the 
character  of  the  photographic  traces  at  Greenwich,  that  at  such  times  a^ 
very  perceptible,  sometimes  the  whole,  movement  has  occurred  in  a  very 
few  seconds,  the  fineness  and  exceeding  delicacy  ol  the  photographic 
trace,  as  compared  with  that  of  the  ordinary  register,  showing  how 
rapidly  the  spot  of  light  has  moved  across  the  paper.  The  accidental 
comparison  of  the  Greenwich  motions  with  those  at  other  places  in 
one  or  two  instances  of  the  kVud  ^enved  to  show  that  the  corro- 
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sponding  phenomena  at  other  places  were  in  these  cases  Biniilarlj- 
definite.  It  tbns  appeared  that  a  systematic  comparison  of  the  times 
of  these  initial  movemente  at  different  places  might  afford  the  meana 
of  determining  how  nearly  the  movements  at  such  places  are  really 
coincident. 

It  is  practically  impossible  to  catch  these  first  movements  by  eye 
observation  of  the  magnets,  from  the  ancertainty  aa  to  the  time  at 
which  they  may  occur,  so  that  it  becomes  necessary  to  rely  on  the 
photographic  register.  Unfortunately,  however,  the  scale  of  time 
employed  on  snch  registers  is  necessarily  small,  one  minute  of  time 
corresponding  nsnally  to  abont  001  inch.  This  renders  difficult  any 
very  accurate  measurement  of  time  in  individual  cases.  Bnt  it 
appeared  to  me  that  by  selecting  a  considerable  number  of  instances 
of  sadden  initial  movement,  and  comparing  together  the  times  as 
measured  fi-om  the  photographic  registers  of  magnetic  observatories 
situated  in  widely  different  n^gions  of  the  earth,  we  might  expect  in 
the  general  average  to  eliminate  any  accidental  erAir  of  measure- 
ment due  to  contracted  time  scale  or  other  cause,  and,  shpposing  no 
systematic  error  to  exist,  so  obtain  some  reliable  information  as  to 
the  degree  in  which,  on  the  whole,  such  movements,  at  differant 
places,  are  or  are  not  simultaneous. 

With  this  object  in  view,  a  selection  from  the  Greenwich  registers 
was  made  of  seventeen  cases  of  sudden  distinctive  movement,  pre- 
ceding or  commencing  magnetic  disturbance,  and  occorring  during 
the  years  1882  to  1889.  The  list  might  have  been  extended,  but  the 
cases  selected  are  typical,  and  seemed  safficient  for  the  purpose  of  a 
preliminary  inquiry.  Giving  the  day  and  approximate  hour  only  of 
the  occurrence  of  the  respective  movementa  at  Greenwich,  the 
directors  of  varioaa  magnetic  observatories  were  asked  to  examine 
their  registers  for  the  corresponding  times,  and  see  whether  there 
existed  any  inst-ance  of  sudden  movement,  and,  if  so,  to  meaeare  out 
and  supply  on  each  day,  and  for  each  magnetic  register,  the  exact 
local  time  of  commencement  of  movement  to  the  nearest  minute  of 
.  time,  and  also  the  direction  and  approximate  amount  of  change  in 
each  magnetic  element.  The  observatories  selected,  including  Green- 
wich, nine  in  number,  were,  counting  from  west  to  east,  those  of 
Toronto,  Greenwich,  Pola,  Pawlowsk,  Mauritius,  Bombay,  Batavin, 
Zi-ka-wei,  and  Melbourne,  This  request  was  complied  with  in  the 
moat  obliging  manner,  and  my  best  thanks  arc  due  to  the  directors 
of  the  various  establishments  for  the  very  kind  way  in  which  tliey 
endeavoured  to  supply  all  necessary  information,  as  well  as  to  the 
Astronomer  Royal  for  permission  to  make  usu  of  the  Greenwich 
records.  In  two  cases,  indeed,  Toronto  and  Zi-ka-wei,  copies  of  tV\e 
registers  were  also  furnished ;  the  Toronto  report,  however,  T.iM;\a4e4. 
moveiBftDis  of  the  declination  magnet  only.     Unfottanatcly  at  toVa 
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photographic  registration  was  not  commenced  until  the  year  1885, 
and^||4hi]8  became  necessary  to  omit  Pola  in  the  comparision.  It 
mig^t  be  s  apposed  that,  in  giving  the  Greenwich  time  of  movement  to 
the  nearest  hour  only,  it  would  be  possible  in  some  cases  to  find  on  the 
registers  at  other  observatories  several  movements  sufficiently  near, 
any  one  of  which  might  be  taken,  and  thus  not  be  a  corresponding 
movement  in  the  sense  meant.  But  the  movements  in  question,  so 
abrupt  in  character,  are  neither  numerous  nor  easily  mistaken. 
Their  character  is  well  illustrated  in  the  annexed  reduced  copy  of 
the  Greenwich  registers  for  1884,  October  1  (one  of  the  selected 
days),  in  which  it  will  be  perceived  how  in  all  elements,  declination, 
horizontal  force,  vertical  force,  and  earth  currents,  a  definite  and 

* 

rapid  movement  occurs  just  before  22h.,  and  simultaneously  in  all ; 
that  in  horizontal  force  corresponding  indeed  to  an  increase  in  the 
earth's  horizontal  force  of  about  l/200th  part.  It  will  be  thus  under- 
stood that  the  really  corresponding  movements  would  be  readily 
identified  at  othei*  places ;  indeed  the  returns  received  show  that  no 
difficulty  wfls  experienced,  the  suddenness  of  movement  being  a 
matter  of  common  remark.  For  instance,  at  Toronto  it  is  said  that 
^'  the  initial  movement  was  always  very  sudden,"  at  Mauritius  the 
movements  are  spoken  of  as  '*  remarkable  jumps,"  at  Bombay  as 
^*  abrupt  and  unmistakeable  at  the  beginning,"  and  at  Batavia  the 

commencement  was  ''in   all  cases very  abrupt."      In  the 

Zi-ka-wei  curves,  so  kindly  furnished,  the  same  characteristics 
are  to  be  observed,  and  the  same  simultaneous  commencement 
of  movement  in  all  elements  is  shown  as  in  the  Greenwich 
specimen  register  of  1884,  October  1.  The  certainty  with  which  the 
selection  was  made  farther  appears  by  the  circumstance  that  the 
stations  in  addition  to  Greenwich  being  seven,  and  there  being 
seventeen  days,  119  identifications  had  to  be  made.  Not  counting 
six  instances  in  which  the  corresponding  record  was  not  available  on 
account  of  failure  or  want  of  register,  it  was  found  that,  of  the  re- 
maining 113  cases,  there  were  only  four  in  which  there  was  dis- 
cordance, and  a  re-examination  of  the  registers  in  two  of  these  oases 
immediately  showed  that  a  wrong  movement  had  been  taken.  Had 
there  been  opportunity  for  further  examination  in  the  two  remaining 
cases,  there  is  little  doubt  but  that  the  source  of  the  discordance 
would  have  been  in  these  also  ascertained.  All  this  assures  us  of 
the  I'eal  correspoadence  of  the  movements  discussed. 

It  has  been  mentioned,  in  regard  to  Greenwich  and  Zi-ka-wei,  that 
the  three  magnets,  declination,  horizontal  force,  and  vertical  force, 
were  on  all  occasions  simultaneously  affected.  The  reports  received 
from  other  observat»3ries  show  that,  at  places  for  which  the  times  for 
the  difierent  magnets  are  separately  given,  the  magnets  were 
similarly  simultf  neously  affex^ted.     This  cirf?umstance  is  peculiar  to 
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Bojal  ObacrTutory,  Qrcenwifli. — Copies  of  the  Pliolograpliii;  Rocords  of  Mngnelio 
i^lemeota  and  Earth  Current!  from  I8S4,  Oct.  1,  Ifi'',  to  Oct,  2,  l**,  Or(«nwich 
Civil  Time. 

It  nill  be  secD  how  the  mpid  moToment  juit  before  22'*  occurs  aimultaneouBlj  in 
all  elcmeDts,  after  a  culm  atate.  Downward  motion  on  tlio  p:iper  indicates  incrcaae 
of  west  dei:lin.itian,  and  of  borilontal  and  vcitical  force,  and  id  earth  currents 
correapondi  to  the  paaiage  of  a  current  similar  to  that  from  the  copper  polo  of  a 
battery  in  the  direotion  Angeratein  Wharf — Lady  Well  in  the  *Kwo»a»,  MA\ii.*a» 
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direction  Blackheath — North  Kent  East  Junction  in  the  other.  The  ajEimuth  of 
the  former  line,  reckoning  from  magnetic  north  to  east,  is  50^,  and  of  the  latter, 
reckoning  from  magnetic  north  to  west,  is  46°.  The  direction  of  strongest  earth 
current  at  Greenwich  is  not  much  different  from  that  of  the  line  joining  the 
A.  W. — L.  W.  earth  plates.  The  current  in  the  A.  W. — L.  W.  circuit  is  always 
much  stronger  than  that  in  the  B. — N.  K.  E.  J.  circuit,  and  a  current  that  causes 
the  A.  W. — L.  W.  trace  to  more  in  one  direction  on  the  paper  causes  the 
B. — N.  K.  E.  J.  trace  to  move  in  the  opposite  direction. 

these  sudden  movements,  which,  aUhongh  abrupt  in  character,  afe 
sometimes  of  no  great  magnitude.  There  is  not  the  same  simul- 
taneity of  movement  in  the  different  elements  when  disturbance 
commences,  as  it  were,  gradually,  or  in  geneitil  during  the  course 
of  a  magnetic  storm;  the  really  simultaneous  movements  arc 
exceptional. 

The  annexed  Table  I  contains  the  times  of  commencement  of 
movement  on  the  seventeen  selected  days  at  each  of  the  eight  sta- 
ikions.  The  second  column  gives  the  year,  day,  and  hour  of  disturbance, 
tjreenwich  civil  time  (counting  from  midnight  to  midnight),  and  in 
following  columns  are  added  the  times  to  tenths  of  a  minute  for  the 
eight  stations,  arranged  in  order  of  longitude,  reckoning  from  west 
to  east,  and  reduced  to  Greenwich  time  by  the  application  of  the 
difPorences  of  longitude  given  in  Table  II.  From  accidental  causes,  a£ 
before  mentioned,  times  were  wanting  in  six  cases,  and  in  addition  for 
two  in  which  there  were  unresolved  discordances.  These  were  at 
Batavia,  on  1882,  Ap^l  ^^  ;  ^^  Pawlowsk  and  Mauritius,  on  April  20 ; 
^t  Melbourne,  on  August  4 ;  at  Toronto,  on  September  12 ;  at  Batavia, 
on  1883,  February  24 ;  at  Zi-ka-wei,  on  September  16 ;  and  at  Toronto 
on  1884,  July  2.  To  maintain  a  proper  balance  in  the  table,  times  in 
these  cases  have  been  adopted  by  estimation,  paying  proper  regard 
to  the  average  deviation  of  the  times  at  each  particular  station  from 
the  general  average  of  all  the  stations. 

The  times  as  received  were  given  usually  to  the  nearest  minute ;  the 
fractions  of  a  minute  that  appear  in  the  table  are  partly  due  to  the  time 
being  in  most  cases  the  means  of  those  for  three  magnetic  elements, 
!  and  partly  to  the  fractional  value  of  the  longitude  used.  In  a  follow- 
ing column  is  given  for  each  day  the  mean  of  the  times  at  the 
eight  stations,  and  in  succeeding  columns  the  deviation  of  the  time  at 
each  station  from  this  daily  mean. 

Eveiy  instance  of  maguetic  motion  included  in  the  table  was 
accompanied  at  Greenwich  by  active  earth  current.  It  is  known 
that  ill  some  ciises  earth  currents  were  similarlv  active  at  other 
places,  and  presumably  they  were  active  at  all  places. 

From  an  inspection  of  the  table  it  will  be  seen  how  nearly  these 
sudden  and  characteristic  magnetic  impulses  occur  at  the  same 
absolute  time  at  places  geographically  widely  separated.     At  some 


Magnetic  Variations  at  different  Places,  4'<'' 


197 


.^ooo'Noo<oo»o»P•ao-^^'lO»a>»^•*c» 

•aoiOoqpH 

See^-N^eo^<«coo«>'Ooeooioco 

1 
a 

+  1  +  +  +  +  +  +  1  ++   1    1  +++  1 

.•po»»o».p«p7<07.war«.t^ow-*» 

•|OJi-«il-IZ 

1  1  1  1  1  1  +  1  1  T  1  1  1  1  1  1  1 

s 

.©JOeDiO?*0«'M»t>.»r-i'.-»'«pr- 

g 

'«(AV|vg[ 

ac*^^0"^?iO?i«^ric^«o  —  ?««« 

C 

+  +  +  +  +  +   1   +  +  +  +  +  +  +  +  +  -»• 

1 

.MiociMooioao^oeoM^^Ai-no 

'O 

'iCvqinog 

ao>-40<^ooo>^oc«ooooooo 

jd 

+  + 1  +  1  1  +  1  +  1 +  +  +  i  1  + 

o 

cs 

.OX-^«0«'*0»0'^00»aOOi«-*0»X 

a. 

*s 

'snpunvK 

BmOO-^MO'^O-nOOOOOOOO 

ti 

4 

a 

-a 

+  +  1  +  + 

1     +               1        1      ++      1      ++      1      +           1 

o 
o 

CO 

8 

•3|SJ101A»J 

C3 

111     III  +  +  +  +  +  + 1  1 +  + 

OS 

O 

.aooaDtoor•e>••^>-4lao»^•^•e9eooo 

s 

"3 

'  '(piAQoaiO 

aOOOO'NO^OSO^OOOOO'^ 

■s 

1  +  +  +  +  1   II  +  1   II   M  +     + 

-*3 

.N<0e«(p.po«p^^:liCQ>p^t.ap7<'4< 

V 

•    *0)uaiox 

a-«WW««-*O«0"^O^O.-«MOO-«^ 

1  1  1  1  It  II  1  1  1  1  1  1  1  1  i 

Sw 

«  s 

•PH 

'73 

00 

sa 

.90^9>94iA<>I^XO)OAOOep'«t-0 

-M 

d 

5^ 

o 

6 

o 

2 

•a 
• 

*«ajnoqid]( 

lOA-mi-iz 

.•en«o«coco«eco»i»o«ocoMao«o^ 

-«J 

09 

Ot^t^t«t^t«t«Ot^i^l^t^t«l^t«t^t« 

a 

"Si 

•«IA«9«(i 

cge9      ^lO^w*      ^«r^i53oM^o 

§p 

6 

1^ 

o 

S 

•9^^"?'^^9^:".'9"?'T'*^99 

5 

'iCvqcaog 

SsS8'»5gS5a§'":J5SSS3S5 

4> 

.gooaocDao»>-4ao^-Ht»xocDiaaooo 

s 

'ltI{)]JU«II 

B88'»5SS555?i52g^85S 

a 

*a 

o 

^  s 

'1|«A0[AVJ 

s  s 

o  3 

a 

.Or«r«r««<00r«0t00«o«o0i<>to0 

II 

'iiopauodjo 

o 

.CD<e«0«pO(DC0«ecD<0(0i0(Stp«0C0CD 

Seoe4i^iOQO>l<-00<On«4'XQMeOi^ 
coco      ^iS«Q^^      ^^p^^e^^i^^ 

as 

'O^uojox 

O 

® 

•R® 

a 

o 
c 

■t 

H 

6 

if 

S 

HH 

a 

i 

O 

a 

i 

+++++++++++++++++ 

-§ 

o 

•a 
a 

Am          n          p^ ^      ji      >-« ei  N      -^ 

a 

&- 

K 

.woio^MC4r«^ma»c8M>^'niopt« 

i> 

OS 

• 

a 

Mm 

Q 

.*«}      ►?'<coO»5s-«}^cfl'?Q»^SO»^ 

o 

•                                               •                          •             •      *      •      • 

go                      op            00     »*  z« 

"^                                                   ^m                          ^m 

•-i  -4  ^^ 

'dot 

iaJd}9J  JOJ  'Oj( 

^^4  (iH  ^« 

•4iie  cOl- 
-4  f  «^  *H 

198  Mr.  W.  Ellis.     On  the  Simultaneity  of 

stations  the  times  are  distinctly  greater  and  at  others  distinctly  less 
than  the  average  of  times  for  all  stations.  Either  the  magnetic  im- 
pulse is  really  retarded  at  some  stations  and  accelerated  at  others, 
as  referred  to  the  mean*,  or  there  exists  at  individual  stations  some 
systematic  error,  mechanical  or  otherwise,  which  affects  the  times  in 
one  particular  way.  That  such  error  should  exist  is  not  unlikely 
since  it  is  difficult  to  make  accurate,  beyond  a  certain  point,  a  time 
scale  so  contracted,  and  difficult  also  to  measare  correctly  the  photo- 
graphic trace,  besides  which  the  desiitibility  of  securing  such  extreme 
accuracy  has  not  been  before  made  apparent. 

It  happens  that  on  five  of  the  selected  days,  Nos.  6,  7,  8,  9,  and  10, 
corresponding  records  were  found  in  the  magnetic  section  of  the 
'Mission  Scientifique  du  Cap  Horn,*  1882—1883.  Here  Ho.  6  is 
said  to  be  "  une  diminution  brusque,"  No.  7  "  un  mouvement  tr^s 
rapide,"  and  No.  9  is  said  to  commence  "  brusquement."  Engraved 
copies  of  the  registers  on  a  small  scale  are  given  for  Nos.  8,  9,  and  10, 
showing  the  movements  to  have  been  of  the  character  described. 
This  affords  five  comparisons.  The  times  are  gi^en  only  to  the 
nearest  five  minutes,  and  the  mean  of  the  five  resulting  deviations, 
which  range  from  +7'lm.  to  — 8*6m.,  is  -i-l'lm.  There  were  in 
addition  six  other  instances  of  sudden  movement  contained  in  the 
Cape  Horn  serie;^,  not  included  in  our  selected  list,  for  which  corre- 
sponding movements  were  readily  found  in  the  Greenwich  records. 
These  movements  are  spoken  of  as  having  at  Cape  Horn  the  same 
abrupt  character  as  those  already  mentioned.  The  separate  values 
of  deviation  referred  (by  comparison  through  Greenwich)  to  the 
general  mean  of  Table  I  range  from  -f  9*2m.  to  — 10*8  m.,  the  mean 
being  —  2*1  m.  Or,  combining  the  two  sets,  we  have  from  eleven  com- 
parisons a  mean  deviation  of  —0*7  m. 

The  mean  deviation  of  time  at  each  station  from  the  general  mean 
for  all  stations  (the  means  of  the  columns  of  differences  in  Table  I) 
and  the  difference  between  the  greatest  and  least  values  at  each 
station,  adding  the  result  for  Cape  Horn  for  eleven  days  just  found,^ 
are  as  follows : — 
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Table  II. — ^Mean  Deviation  of  Time  at  each  Station  from  the 
General  Mean  for  all  Stations,  and  Difference  between  the  greatest 
and  least  Values  of  Deviation  at  each  Station. 


Station. 


Latitude. 


Toronto &  40  N . 

Capo  Horn i  55  31  S. 

Greenwich 51  29  N. 

Pawlowsk I  59  41  „ 

Mauritius 20    6  S. 

Bombay 18  54  N. 

Bataria     I  6  11  S. 

Zi-ka-wei 31  12  K 

Melbourne 37  50  S. 


Longitude. 


h. 
5 
4 
0 
2 
3 
4 
7 
8 
9 


m. 

17  -C  W. 
32-3 

0  0 


>) 


1 
50 
51 

7 

5-7 
39-9 


•9 
•2 
•3 
3 


K. 


}> 


II 


>> 


)} 


Mean 
deTiation. 


ni. 
-1-5 
-0-7 
-01 
-0-2 
+  0-5 
-0-1 
+  2*4 
-2-9 
+  1-8 


Difference 
between 

the  greatest 

and  least 

values. 


m. 
3-3' 

20-0 
3-9 
5-7 
4-4 
3-8 
5-3 
5G 

12  0 


At  Cape  Horn  and  Melbourne  the  times  were  given  only  to  the 
nearest  5  minutes ;  at  the  other  stations  they  were  given  to  the 
nearest  minnte.  This  maj  explain  the  greater  differences  for  Cape 
Horn  and  Melbonme  in  the  last  column  of  the  table. 

The  question  that  now  arises  is,  What  is  the  explanation  of  the 
small  differences  between  the  values  of  deviation  at  different  places  ? 
As  already  suggested,  thej  must  be  due  either  to  real  "difference  in 
the  time  of  the  magnetic  impulse,  depending  on  geographical  posi- 
tion, or  to  the  existence  at  individual  stations  of  some  syEtomatic 
error. 

In  regard  to  the  possible  variation  of  the  values  of  deviation  with 
geographical  position,  there  maj  be  variation  with  latitude  or  with 
longitude.  It  will  be  observed  that  in  Table  II  the  stations  are 
already  arranged  in  order  of  longitude,  and  the  run  of  the  numbers 
would  appear  to  indicate  a  tendency  to  negative  values  at  westerly 
stations,  and  to  positive  values,  on  the  whole,  at  easterly  stations, 
but  yet  the  differences  are  such  (remembering  how  easily  some  of 
these  differences  might  arise,  with  existing  apparatus)  as  would 
hardly  warrant  the  assumption  that  such  variation  really  exists; 
neither  does  a  change  with  longitude  seem  to  be  one  for  which  there 
would  appear  to  be  any  ready  physical  explanation.  The  variation 
in  the  values  of  deviation  with  latitude  is  better  seen  by  arranging 
the  numbers  of  Table  II  in  order  of  latitude,  and,  considering  the 
divergence  of  the  magnetic  equator  from  the  astronomical  equator,  it 
seems  better  to  group  them  according  to  the  values  of  magnetic  dip 
at  the  various  stations,  which  has  been  done  as  follows,  adding  also  Oc 
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grftpbical  representatio 
tion  and  dip. 


e  relation  between  the  valaes  of  devia- 


atation. 

Value  of  dip. 

deTiation. 

Toronto 

7°6S. 
71  ,. 

-1 
-0 
-0 
-2 
-0 
+  2 
-0 

6 
2 

1 
9 

1 

4 

7 
S 

8           1 

1 

Greenwich 

20  ,. 
28  9. 
63  „ 

67  „                         +1 

Thero  would  seem  to  be  here  a  tendency  to  ne^tive  valaee  with 
northci'lj  dip,  and  to  positive  values  with  southerly  dip.  Bemarldng' 
how  hvo  stations  (two  with  extreme  northerly  dip,  two  with  extreme 
southerly  dip,  and  one  intermediate)  hang  together,  this  apparent 
tendency  may  be  accidental,  and  yet  there  is  an  undoabted  drift  to 
tlie  left  in  the  upper  part  of  the  diagram,  and  to  the  right  in  the 
lower  part  A  variation  with  latitude  certainly  appears  to  be  one 
better  admitting  of  physical  explanation  than  does  a  variation  with 
longitude.  Can  anything  depend  on  the  distribution  of  land  and 
water  r'    Whether  the  observed  deviatiooB  represent  a  real  inequality, 
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or  whether  the  irregularities  are  wholly  accidental,  and  that  the 
magnetic  impulse  in  these  motions  is  everywhere  simultaneous,  we  can- 
not say.  The  data  are  not  sufficient  to  permit  of  the  formation  of 
any  definite  conclusion. 

But  whatever  may  be  the  explanation  of  the  irregularities  of 
deviation,  it  would  seem  that  over  a  certain  portion  of  the  earth's 
sarface  the  magnetic  action  in  these  initial  impulses  is  practically 
simultaneous.  The  values  of  mean  deviation  for  Greenwich,  Paw- 
lowsk,  Mauritius,  and  Bombay  are  — O'l  m.,  — 0'2m.,  -f  0*5  m.,  and 
—0*1  m.,  respectively,  an  agreement  which  is  certainly  striking,  and 
which  can  hardly  be  explained  on  any  supposition  but  that  of 
fiimultaneous  action.  For  if  we  divide  the  series  for  these  places 
{Table  I)  into  two  gi'oups,  say  of  8  and  9  values  each  respectively, 
and  take  their  means,  we  have  as  follows : — 


1 

1 

Greenwich. 

Pawlowak. 

Mauritiiu. 

Bombay. 

Extreme 
difference. 

Mean. 

'  Mean  uf  flnt  8  ralaes... 
1  Mean  of  last  9  values ... 

m. 
+0-1 
~0-8 

m. 
-0-8 
+0-4 

1-2 

m. 
+  10 
0-0 

m. 
+0-1 
-0  2 

m. 

1-8 

0-7 

m. 
+01 
0  0 

1              Difference  

1 

0*4 

10 

0-3 

In  the  first  set  the  Greenwich  and  Bombay  values  agree,  so  also  in 
the  second  set  (within  O'l  m.).  Greenwich  and  Bombay  are  thus  m 
close  accord,  and  in  a  remarkable  degree,  the  agreement  amounting 
almost  to  a  confirmation  of  the  adopted  difference  of  longitude.  The 
i3xtreme  difference  between  the  four  valaes  at  the  different  stations  is 
seen  to  be,  in  the  first  set  1*8  m.,  and  in  the  second  set  0*7  m.  And 
the  differences  between  the  separate  values  at  each  station  are 
severally  0'4  m.,  1*2  m.,  1*0  m.,  and  0*3  m.  Now  the  latter  differences, 
which  may  be  taken  to  indicate  the  amount  of  accidental  irregularity 
in  the  values,  bear  a  considerable  proportion  to  the  differences 
between  the  values  at  the  separate  stations  (1*8  m.  and  0*7  m.),  so  that 
these  differences  are  probably  wholly  accidental.  Again,  the  mean  of 
the  first  four  values  is  +0*1  m.,  and  of  the  last  four  00  m.,  showing 
on  the  whole  no  real  difference.  All  this  indicates  that  at  Greenwich, 
Pawlowsk,  Mauritius,  and  Bombay  the  magnetic  impulse  would  appear 
to  be  really  simultaneous,  or  at  any  rate  that  the  variations  between 
the  observed  deviations  at  these  places  afford  no  trustworthy  evi- 
dence against  such  conclusion. 

We  come  thus  to  an  interesting  result.  The  magnetic  impulse 
over  that  portion  of  the  earth's  surface  covered  by  the  places  last 
mentioned  would  evidently  appear  to  be,  on  the  whole,  simultaneous ; 
although  whether,  in  like  manner,  simultaneous  over  the  wKole  eaxVJcv 
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we  cannot  saj.  But,  considering  the  inadequacy  of  oar  present- 
registering  apparatus  to  ensure  in  all  cases  the  necessary  accuracy 
of  time  indication,  it  becomes  a  question  whether  the  coincidence  may 
not  be  generally  closer  than  present  means  will  enable  us  to  measure. 
To  determine  this  with  precision  would,  however,  require  some  modi- 
fication  of  the  apparatus  now  in  general  use. 

The  circumstance  that  the  sudden  magnetic  movements  of  the 
character  here  discussed  appear  to  be  so  nearly,  if  not  absolutely, 
simultaneous  over  the  whole  earth  becomes,  if  established,  a  striking^ 
physical  fact.  In  numerous  cases  the  disturbance,  commencing  sud- 
denly, and  continuing  for  many  hours,  follows  on  a  state  of  compara- 
tive magnetic  calm.  How  is  the  sudden  change  to  a  state  of  activity 
brought  about,  and  what  is  the  influence  that  so  instantaneously 
disturbs  the  magnetic  condition  of  our  globe  ?  The  magnetic  move- 
ments at  Greenwich  at  such  times  are  always  accompanied  by  corre- 
sponding earth  currents,  which,  similarly  following  a  state  of  calm, 
become  at  once  active,  precisely  at  the  commencement  of  the  magnetic 
disturbance.  It  is  believed  that  a  similar  effect  is  produced  at  other 
places,  and  that  this  is  so  is,  in  some  cases,  specially  mentioned. 
Some  sudden  action,  apparently  from  without,  sets  up,  as  it  seems, 
both  earth  current  and  magnetic  activity  simultaneously,  or  nearly  so> 
over  the  whole  earth.  It  Ls  to  be  noted  that  magnetic  and  earth 
current  disturbance  at  Greenwich  is,  on  the  whole,  more  frequent  in 
spring  and  autumn,  when,  in  its  diurnal  revolution,  the  whole  surface, 
or  nearly  the  whole  surface,  of  the  earth  becomes,  during  each  twenty- 
four  hours,  exposed  to  the  sun,  as  though  the  earth  in  some  way  con- 
tributed to  the  production  of  the  phenomena  observed,  a  given  ex- 
ternal influence  appearing  to  cause  at  these  times  a  greater  activity* 
than  at  other  parts  of  the  year.  For  magnetic  disturbance  rises 
and  falls  generally  with  the  existence  of  more  or  fewer  sun  spots, 
in  which  variation  we  do  not  expect  to  find  an  annual  period. 
Without,  however,  discussing  further  the  production  of,  or  relation 
between,  magnetic  disturbances  and  earth  currents,  on  which  some- 
thing will  be  said  in  a  later  part  of  this  paper,  we  will  proceed 
to  offer  some  particulars  more  nearly  concerning  what  has  gone 
before. 

In  asking  for  corresponding  times  of  magnetic  movement  at  the 
places  mentioned  in  Table  I,  request  was  also  in  each  case  made 
for  information  on  the  direction  and  character  of  the  magnetic 
movement,  and  many  interesting  particulars  were  thus  supplied.  It 
is  not  proposed  on  the  present  occasion  to  treat  these  details  nu- 
merically, but  rather  to  group  them  in  such  a  w^ay  as  to  show,  in  a 
simple  and  ready  manner,  the  direction  of  the  magnetic  movements 
at  each  place  on  the  several  days.  The  results  are  given  in  Table 
HI,  in  which  the  sign  -f  indicates  that  the  north  end  of  the  declina- 
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-tion  magnet  was  drawn  towards  the  west,  the  north  end  of  the  hori- 
sontal  force  magnet  townrda  the  north,  and  the  north  end  of  the 
Tertical  force  magnet  downn-arda  ;  the  aign  —  iadicatin);  ia  each 
«aae  the  opposite  movement.  At  Manritina,  Batavia,  and  Mclbonrae, 
at  which  places  the  sonth  end  of  the  needle  dips,  the  sign  +  indicates 
that  the  aonth  end  of  the  verticitl  force  magnet  waa  drawn  down- 
wards. In  the  abaence  of  definite  information,  this  is  prennmcd  to 
apply  also  to  Cape  Horn,  at  which  the  aonth  end  also  dips.  Tlie 
movement  in  horizontal  force  appears  to  have  been  in  general  the 
most  significant.  At  -the  stations  in  tropical  regions  the  niovements 
in  declination  and  vertical  force  were  naaally  small. 

The  table  gives  an  interesting  synopais  of  the  direction  of  magnetic 
movement  in  the  several  cases,  and  the  general  siniilarity  of  movement 
at  each  station  on  different  days.  Thns  the  movements  in  the  tSree 
magnetic  elements  on  different  days  at  Cape  Horn,  Bombay,  Batavia, 
and  Zi-ka-wei  were,  so  far  aa  information  is  available,  in  each  case 
similar  thronghoat,  and,  with  one  or  two  exceptions,  also  at  Greenwich, 
Pawlovsk,  and  Haaritins ;  at  Melhonrne  there  were  variations,  and 
at  Toronto,  for  which  place  information  in  regard  to  the  declination 
change  only  was  received,  there  were  also  variations.  At  Greenwich 
ihe  increase  in  all  elements  was  always  accompanied  by  earth  cnrrent 
of  one  character  aa  respects  direction  of  cnrrent,  the  instances  of 
decrease  in  the  m^netio  elements  being  accompanied  by  earth  cur- 
rent of  opposite  character. 

The  general,  indeed  remarkable,  similarity  in  the  character  of  the 
initial  magnetic  impulse  on  different  days  at  the  several  places,  con- 
sidered in  coimeKion  with  the  coincidence  in  time,  indicates  the  advent 
in  these  cases  of  some  powerful  disturbance  or  sadden  shock  influencing 
the  magnetism  of  the  whole  earth  nearly  always  in  the  same  way,  an 
influence  in  which  the  earth  becomes,  as  it  were,  at  ouce  involved,  a 
state  of  genei-al  magnetio  calm  being  at  all  places  immediately  con- 
verted into  a  state  of  magnetic  activity.  Whether  these  magnetic 
movements  occur  more  frequently  when  any  particular  r^on  of  the 
earth  is  turned  towards  the  aun  is  a  question  that  the  selected  cases 
of  Table  I,  with  the  additional  instances  to  be  found  in  Table  IV,  are 
too  few  to  determine  ;  but  this  point  may  receive  elucidation  from  a 
more  extended  inquiry  which  the  many  years  of  Gi-eenwich  records 
will  readily  affoi'd,  and  with  nhich  object  some  tabulation  thereof 
has  been  already  made. 

Our  inquiry  has  been  confined  to  a  consideration  of  the  initial  mag- 
netic movements  preceding  disturbance.  As  pointed  out,  these  move- 
ments occur  simult&neoualy,  both  for  the  different  magnetic  elements 
and  for  all  places.  The  character  of  the  magnetic  change  is  mostly 
similar  at  any  one  place  on  different  days,  but  is  not  necessarily  the 
same  for  all  places ;  that  is  to  aaj;  the  initial  phenomena  becomQ,  oo. 


204  Mr.  W.  Ellis.     On  the  Simultaneity  of 

the  different  occasions,  repeated  at  each  station  in  a  generally  similar 
mnnner,  bnt  with  the  individual  difference  peculiar  to  the  station. 
Disturbance  having,  however,  once  set  in,  it  is  found  that,  although 
the  magnetic  irregularity  will  be  practically  similar  for  places  not 
geographically  distant,  as  Gi'eenwich  and  Kew,  there  is  not  the  same 
complete  similarity  in  the  movements  at  places  widely  separated. 
The  magnetic  impulse  at  any  moment  during  disturbance  may,  of 
course,  be  simultaneously  propagated  through  the  earth,  as  in  the  case 
of  the  initial  movements  ;  but  it  is  not  usually  possible  to  fix  on  any 
phase  of  movement,  and  say  to  what  phase  it  corresponds  at  another 
distant  station,  unless  the  movement  is  sudden,  when  the  initial  type 
again  recurs,  and  such  recurrence,  occurring  during  disturbance  at 
Greenwich,  has  been  found  to  correspond  with  recurrence  at  other 
places.  Generally  it  is  only  these  cases  of  sudden,  not  necessarily 
large,  movement,  occurring  at  the  beginning  or  during  a  magnetic 
disfmrbance,  that  we  can  readily  identify  as  being  really  simultaneous 
and  corresponding  movements. 

Reference  has  been  made  to  the  earth  currents  always  so  active 
during  magnetic  disturbance.  Mr.  C.  V.  Walker,  formerly  telegraph 
superintendent  of  the  South  Eastern  Railway,  in  a  paper  read  before 
the  Royal  Society  in  the  year  1861,  came  to  the  conclusion,  from 
observations  made  on  the  telegraph  lines  under  his  control,  that  earth 
currents,  at  least  at  times  of  great  magnetic  disturbance,  exercised  a 
direct  action  upon  magnetometers,  just  as  artificial  currents  confined 
to  a  wire  exercise  a  direct  action  upon  a  magnet.  Two  insulated  lines 
of  wire  were  afterwards  established  in  connexion  with  the  Royal 
Observatory,  one  passing  from  the  Observatory  to  Dartford,  the  other 
from  the  Observatory  to  Croydon,  expressly  for  the  study  of  earth 
carrents.  The  distance  between  the  earth  plates  in  the  Dartford  circuit 
was  10  miles,  and  in  the  Croydon  circuit  8  miles.  Sir  George  Airy, 
discussing  the  earth  currents  observed  in  these  lines  during  the  years 
1865  to  1867  (*  Phil.  Trans.,'  vol.  158,  p.  471),  confirmed  generally  Mr. 
Walker's  result,  considering  that  "  it  is  impossible  to  avoid  the  conclu- 
sion that  the  magnetic  disturbances  are  produced  by  terrestrial  galvanic 
currents  below  the  magnets  ;"  but  there  were  some  anomalies,  the  epxth 
current  appearing,  in  some  cases,  distinctly  to  follow  the  magnetic 
motion,  inst-ead  of  being  coincident  with,  or  preceding,  it,  as,  on  the 
supposition  mentioned,  should  always  happen,  and  in  other  cases  pre- 
ceding it  by  a  longer  interval  of  time  than  the  conditions  seemed  to 
require. 

In  the  year  1868  the  earth  current  lines  to  Dartford  and  Croydon 

were  replaced  by  two  others  running,  one  from  near  Morden  College, 

Blackheath,  to  the  North  Kent  East  Junction  of  the  South  Eastern 

Railway  (distance  between  earth  plates  2^  miles),  and  the  other  from 

Angerstein  Wharf  (on  the  bank  of  the  River  Thames,  near  Charlton) 
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Table  III. — Observed  Direction  of  First  Movement  for  the  Magnetic 
Elements  of  Declination,  Horizontal  Force,  and  Vertical  Force  for 
tbe  17  days  given  in  Table  I,  and  for  the  £  days  on  which  there 
are  corresponding  records  for  Cape  Horn.  (It  was  remarked  on 
all  occasions  at  Toronto,  and  on  varioas  occasions  at  Oi'eenwich  and 
Pawlowsk,  that  there  was  a  preceding  movement,  nsnally  small, 
in  the  direction  opposito  to  the  direction  given  in  the  table  as  that 
of  first  movement.) 
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a  few  casee)  that  the  change  wai  small. 

to  Lady  Well,  Lewisham  (diBtance  between  earth  plates  3  miles) : 

these  positions  being  selected  in  order  that  the  recording  apparatae 
at  the  Royal  Observatory,  through  -which  the  wires  passed,  shoald  be 
nearly  in  the  middle  of  the  straight  lines  joining  the  respective  earth 
plates.  Ifowithas  been  mentioned  that  the  instances  of  sharply-defined 
magnetic  impulses  coutained  in  Table  I  were  all  accompanied  (in  the 
jnst-deBoribed  newer  earth  current  lines)  by  active  earth  cnrrents,  in 
themselves  just  as  sharply  defined.  The  distinctive  character  and 
generally  isolated  position  of  these  magnetic  and  earth  current  move- 
ments  thus  afford  a  peculiarly  favourable  opportunity  {or  investigat- 
ing any  relation  that  may  exist  between  them,  much  more  so  than 
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wonld  any  attempt  to  discuss  moTements  of  a  mixed  or  ioTolved 
natore,  and  it  is  found  that  motionB  of  the  declination  and  horizontal 
force  magnets  for  tlie  instances  contained  in  Table  I  are,  withont 
esceptton,  in  diraction  such  as  would  be  produced  by  the  action  of  a 
current  passing  through  a  wire  under  the  magnet,  similar  to  that  of 
the  actual  accompanTing  earth  current. 

But  then  comes  a  further  question : — Do  earth  current  and  mag- 
netic times  really  agree  P  For  in  the  discussion  of  the  Dartford  and 
Croydon  earth  current  records,  the  earth  current  on  some  occasions, 
according  to  the  instrumental  time  scales,  seemed  undoubtedly  to 
follow  the  magnetic  movement,  instead  of  being  coincident  with,  or 
preceding,  it.  But  the  system  on  which  the  time  scales  were  in  those 
days  laid  down  wss  not  arranged  with  a  view  to  the  accurate  measure- 
ment of  small  intervals  of  time,  and  in  this  respect  did  not  permit  of 
an  accuracy  equal  to  that  to  be  obtained  from  later  rasters,  on 
which  a  time  indicatiou  ia  made  at  every  individual  hour.  Thus 
we  are  now  able  to  effect  a  much  more  certain  comparison  of  the 
times  of  magnetic  and  earth  current  movement  than  was  before 
possible.  This  has  been  done  for  a  considerable  number  of  instances 
ol  sudden  initial  movement,  including  all  those  of  Table  I  (excepting 
1882,  Afgril  l-^i  on  which  day  the  earth  current  register  was  defective), 
and  also  a  nnmber  of  others,  the  whole  particulars  being  given  iu 
Table  IV. 

When  it  is  considered  that  each  separate  difference  in  this  table 
includes  the  sum  of  the  errors  of  two  time  measures  from  photo- 
graphs having  a  time  scale  in  which  one  minute  corresponds  to  about 
O'Ol  inch,  the  agreement  of  results,  it  will  be  seen,  is  very  good. 
Every  case  selected  for  measurement  is  given ;  nothing  has  bees 
rejected.  The  variation  between  individual  differences  does  not 
exceed  in  amount  that  which  may  well  be  expected,  with  a  time  scale 
80  contracted,  and  would  appear  io  be  simply  due  to  unavoidable 
errors  of  measurement.  The  mean  of  the  31  differences  is  —0*14  m., 
equivalent  to  8  sec,  or,  dividing  the  31  differences  into  three  groups 
of  11,  10,  and  10  values  respectively,  the  means  of  these  groups  are 
found  to  be  — 0'19  m.,  —012  m.,  and  —010  m.,  equivalent  to  11  sec., 
7  sec.,  and  6  sec.  respectively,  thus  persistently  showing  the  earth 
carreui  to  precede  by  a  few  seconds  the  magnetic  movement.  Not 
that  these  reenlte  should  be  taken  too  strictly,  but  simply  as  showing, 
when  definite  comparison  can  be  made,  that  the  coincidence  of  time 
is  really  very  close,  possibly  more  so  than  present  existing  means 
will  permit  ns  to  determine.  This  so  far  removes  the  before-meu- 
tioued  time  anomaly,  the  observed  facts  being  now  seen  to  be  alto- 
gether consistent  with  the  supposition  that  earth  currents  may  pro- 
duce the  magnetic  movements,  whetiier  or  not,  as  regards  cause  and 
effect,  tiiis  be  ^e  true  relation.    For  it  has  to  be  remembered  that  in 
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ma^etio  distarbancee  the  variations  of  vertical  force,  which  are  some- 
times \(srj  great,  have  abo  to  be  conBidered,  as  well  as  those  of 
dedinatioii  and  horizontal  force.  Bnt  even  admitting  the  supposition 
to  be  correct,  there  remains  for  consideration  the  qnostion  oa  to  how 
the  dinmal  magnetic  variations  are  prodoced. 

Hsgnetic  distnrbances  and  irregular  mi^^etic  motions  of  every 
kind  are  always  accompanied  at  Greenwich  by  earth  corrents  more 
or  less  powerfnl,  the  correspondence  being  moat  complete,  as  may  be 
seen  in  the  engraved  copies  of  magnetic  and  earth  current  movements 
given  since  the  year  1882  in  the  annnal  Greenwich  volume.  The 
diurnal  magnetic  variation  of  declination  or  horizontal  force,  on  the 
iother  hand,  which  (when  there  is  no  accidental  magnetic  in-egnlarity) 
consists  piiucipally  of  one  bold  daily  sweep,  has  no  oOrresponding 
earth  cnn'ent,  being  accompanied  principally  by  alternating  currents, 
weak  in  character,  and  generally  of  short  period.  That  is  to  .say,  a 
sudden  magnetic  movement  of  an  amplitude  no  greater  than  that  of 
the  undisturbed  dinmal  curve  (comparing  one  part  of  the  day  with 
another)  will  be  accompanied  by  active  earth  current,  whilst  the  bold 
sweep  of  the  undisturbed  dinmal  curve  has  no  marked  earth  carrent 
counterpart,  bnt  only  ^actuations  of  feeble  character.  The  ampli- 
tude of  the  diurnal  magnetic  variation  may  be  greater  than- the 
motion  in  many  of  the  cases  of  movement  included  in  Table  1,  but 
the  earth  current  in  the  former  case  would  be  insignificant,  whilst  in 
the  latter  it  is  most  marked.  Irregularity  in  magnetic  action  and 
activity  of  earth  current  are  correlative  phenomena,  rising  and  falling 
together  in  intensity,  earth  current  activity  indicating  iri'egnlarity  of 
magnetic  movement  or  magnetic  storm,  superposed  oa,  and,  indeed, 
frequently  masking,  the  ordinary  dinmal  curve. 

.  The  assumption  that  the  magnetic  movements  in  a  magnetic  storm 
are  due  to  action  of  the  accompanying  earth  currents  thng  appears 
not  to  be  one  that  will  explain  the  ordinary  diurnal  magnetic  varia- 
tion, as,  indeed.  Sir  George  Airy  had  previously  found  ('Phil. 
Trans.,'  vol.  160,  p.  226)  from,  discussion  of  the  earth  ctu-renta 
observed  in  the  old  Dartford  and  Croydon  earth  carrent  linea.  The 
phenomena  have,  indeed,  different  character!  a  tics.  The  period  of  the 
'dinmal  magnetic  vainatiou  is  the  solar  day,  uud  the  principal  sweep 
in  the  curve  occnrs  whilst  the  sun  is  above  the  horizon.  Uagnetic 
irregularities,  on  the  other  hand,  and  their  accompanying  earth 
carrentfi,  appear  at  any  moment.  Although  both  probably  solar  in 
origin,  they  ai-e  not  produced  in  the  same  way.  The  diunial  variation 
progresses  gi-adnally,  the  principal  phase  occnrring  successively  at 
different  places,  as  tiiey  become  tni-ned  towards  the  Run,  but  magnetic 
irregularities  arise  suddenly  and  simaltaneonsly  at  all  places.  The 
special  characteristics  of  the  two  classes  of  phenomena  may  bo  stated 
fa  follows : — 
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Diurnal  magnetic         Saperposed  magnetic 
variation.  disturbance. 

Characteristic.  One  bold  sweep  Irregular  motions. 

progressing 
uniformly. 
Occurs  at  differ-       Successively.  Simultaneously. 

ent  places. 
Earth  current  No  corresponding        Active  earth  cur- 

condition,  earth  current;  rente. 

only  weak  inter- 
mittent currents. 

However  bold  the  diurnal  yariation  may  be,  so  long  as  it  progresses 
uniformly,  the  earth  currents  remain  fluctuating  and  feeble,  and 
apparently  cannot  produce  the  long  sweep  of  the  diurnal  curve.  But 
if  any  magnetic  irregularity  arises,  a  corresponding  earth  current  at 
once  appears.  It  was  pointed  out  with  respect  to  the  magnetic  move- 
ments on  the  selected  days  (Tables  I  and  III),  that  the  earth 
currents  observed  at  Greenwich  in  connexion  therewith  always  had 
a  definite  relation  with  the  motions  in  declination  and  horizontal  force. 
This,  taken  in  connexion  with  the  coincidence  in  time  (Table  IV)» 
certainly  suggests  mutual  relation.  But,  in  view  of  the  circumstance 
that  the  diurnal  magnetic  variation  does  not  appear  to  depend  on 
earth  current,  can  we  suppose  that  it  may  be  otherwise  with  the 
irregular  magnetic  motions,  and  that  they  are  produced  by  earth 
currents  P  When  a  magnetic  storm  arises  the  earth  would  appear 
to  become  as  a  whole  instantaneoosly  afEected,  necessarily,  it  would 
seem,  from  without.  Is  it  that  both  classes  of  phenomena,  irreg^ular 
magnetic  variations  and  earth  currents,  are  produced  by  independent 
action,  and  that  any  mutaal  relation,  if  existing,  is  of  secondary  cha- 
racter. In  the  G-reenwich  registers  the  variations  of  horizontal  force, 
during  periods  of  magnetic  disturbance,  follow  with  surprising  close- 
ness  the  accompanying  earth  current  variations,  the  turning  points 
being  in  a  very  remarkable  degree  simultaneous.  But,  after  the  initial 
movement,  there  is  not  a  similar  resemblance  as  regards  declination 
changes.  And  how  are  the  variations  of  vertical  force  produced  P 
Can  there  be  here  any  relation  with  earth  currents  P 

The  general  direction  of  strongest  earth  current  at  Greenwich  at 
the  present  time  is  one  not  very  different  from  that  of  the  line- 
joining  the  Angerstein  Wharf — Lady  Well  earth  plates.  Does  this 
direction  of  strongest  earth  current  depend  on  geological  formation,, 
or  is  it  slowly  variable,  as  are  the  magnetic  elements  P  If  not  variable, 
the  earth  current  influence  on  the  declination  and  horizontal  force 
magpiets,  if  such  influence  exists,  would  be  different  when  the  direc- 
tion of  the  magnetic  meridian  has  greatly  changed.  This  is  a  point 
the  study  of  which  might  in  the  course  of  time  throw  considerable 
Ji^ht  on  the  relation  between  magnetic  and  earth  current  irregularis^ 
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tin,  in  r^;ard  to  which  there  is  jet  much  to  learn.  It  woald  tend  to 
help  this,  as  trell  as  other  inquiries  conceminj;  earth  current  phe- 
nomena, if  at  some  of  the  magnetic  oViaervatories  in  different  parts  of 
the  world,  the  nu^uetic  registers  wei-e  Gupplemented  bj  a  registra- 
tion of  earth  currents,  as  a  regular  part  of  the  dailj  work. 

The  comjiarisou  of  the  times  of  magnetic  impulses  with  those  of 
the  correBponding  earth  cnrrents,  Table  IT,  gave,  as  a  mean  result, 
that,  at  Gi-eenwich,  the  magnetic*  impulse,  on  the  whole,  followed  the 
earth  current  by  some  few  seconds.  To  determine  more  ezaotlj  and 
with  greater  certainty,  and  espeoisllf  in  individual  oases,  what  may 
really  be  the  interval,  if  appreciable,  between  the  phenomena  would 
require  apparatus  designed  to  indicate  Eimultaneoasly  and  measure 
accurately  much  smaller  intervals  of  time  than  is  at  present  possible. 
This  leads  as  to  mention  a  difficulty  that  aSects  the  registration  uf 
magnetical  and  meteorological  phenomena  of  ail  kinds,  and  one  not 
readily  overcome.  To  obtain  continuous  registration  of  any  element 
a  contracted  time  scale  is  necessary,  otherwise  the  accumulated 
registers  would  become  overwhelming,  neither  is  an  extended  time 
scale,  under  ordinary  circumstances,  required.  But  on  occasions  of 
disturbance  or  storm,  whether  magnetic  or  atmospheric,  it  becomes 
desirable,  to  possess  the  power  of  greatly  increasing  tho  extent  of  the 
time  scale,  in  order  to  obtain,  not  only  a  more  accurate  tiiun  indica- 
tion, but  also  a  better  record  of  the  details  of  phenomena.  The 
difficulty  becomes  increased  because  of  tho  nucertainiy  of  the  advent 
of  any  special  phenomenon  of  which  fuller  particulars  would  bo 
desirable.  Still,  if  it  were  possible  to  provide  means  ot  easily 
changing  the  speed  of  movement  of  a  registei*,  macb  valnable  infor- 
mation might  be  gained. 

In  recapitulation  of  the  results  which  may  be  considered  to  have 
been  arrived  at  in  this  papei',  wc  may  remark  that,  though  it  was 
known  that  magnetic  storms  were  felt  generally  at  the  same  time 
over  wide  areas  of  the  earth's  /surface,  it  had  not  been  ascertained 
that  any  mf^netic  movements  were  so  entirely  coincident  at  different 
places  as  now  appears,  at  any  rate  so  far  as  concerns  the  initial 
magnetic  impulses  that  precede  disturbance,  and  which,  it  would 
seem,  realty  occur  at  the  same  instant  of  time,  or  nearly  so,  over 
the  trhole  earth.  It  appears  also,  in  addition,  that  the  change  that 
takes  place  at  sach  times  in  the  earth's  magnetic  condition  is,  on  all 
occasions,  in  great  measure  of  liko  character.  A  definite  magnetic 
effect  is  produced  suddenly  and  simultaneously,  in  which  the  varia- 
tions of  the  magnetic  clement^,  whilKt  different  at  different  places, 
are,  on  different  occasions,  locally  similar,  forming  thus  a  type  of 
the  magnetic  phenomena  that,  repeating  itself  usnaliy  in  the  same 
way,  generally  presages  oi*  introduces    a   magnetic    disturbance  qt 
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It  bas  been  furtber  sbown  tbat  at  Oreenwicb  tbe  sndden  magnetio 
impulses  immediately  preceding  or  commencing  disturbance  are  con« 
current  in  time  witb  tbe  sudden  appearance  in  eacb  case  of  an  eartb 
current,  in  advance  bj  a  few  seconds  of  tbe  magnetic  impulse,  and 
baying  always  tbe  same  relation  witb  tbe  magnetic  movements^ 
increase  of  magnetic  declination,  borizontal  force,  and  yertical  force, 
being  accompanied  by  a  current  in  one  and  tbe  same  direction,  and 
decrease  of  tbese  elements  by  a  current  in  tbe  opposite  direction.  A' 
like  concurrence  in  time  between  sucb  magnetic  movements  and 
eartb  currents  is  presumably  true  also  for  otber  places. 

If  tbe  near  time  relation  tbus  establisbed  between  initial  magnetic 
and  eartb  current  movements  at  Qreenwicb  applies  generally  during 
tbe  course  of  a  magnetic  storm,  any  difficulty  as  respects  tbe  assump- 
tion tbat  tbe  irregular  cbanges  of  magnetic  declination  and  borizontal 
force  may  be  produced  by  tbe  accompanying  eartb  currents  seems 
removed.  But  tbougb  tbe  cbanges  of  borizontal  force  during  a  mag- 
netic disturbance  closely  follow  tbe  eartb  current  cbanges,  tboae  of 
declination  do  not  sbow  tbe  same  correspondence,  and  tbe  variations 
of  vertical  force  bave  also  to  be  explained,  in  addition  to  wbicb  it 
would  conclusively  seem  tbat  tbe  diarnal  magnetic  variation  does 
not  depend  on  eartb  current,  since  tbe  bold  sweep  of  tbis  curve 
(wben  undisturbed)  is  accompanied  by  comparative  eartb  current 
calm. 

Witb  reference  to  tbe  comparison  of  times  of  magnetic  impulses  at- 
different  places,  it  does  not  seem  probable  tbat  witb  existing  appa- 
ratus any  better  result  would  be  obtained  by  making  comparison  for 
an  increased  number  of  days.  But  it  would  be  interesting,  even  witb 
tbe  present  apparatus,  to  obtain  corresponding  times,  if  possible,  for 
a  greater  number  of  places,  in  order  more  conclusively  to  determine 
wbether  tbe  constant  difference  of  time  tbat  appears  to  exist  between 
some  stations  (Table  II)  is  really  a  pbysical  fact,  or  wbetber  it  may 
not  be  due  to  small  systematic  error  in  tbe  individual  registering 
apparatus.  Registers  on  an  extended  scale,  on  tbe  system  mentioned 
in  a  preceding  paragittpb,  would,  bowever,  be  mucb  more  likely  to 
give  definite  information  on  tbis  point. 

If  tbis  paper  bas  added  anytbing  to  tbe  knowledge  of  a  difficult 
subject,  it  will  be  felt  tbat  some  labour  bas  not  been  expended  in 
vain. 
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"  Contribution  to   the   History  of  the   Interchange   of   Pul- 
monary Gases  in  the  Respiration  of  Man."    By  William 
Makcet,  M.D.,  F.R.S.     Received  Jnnc  !>,— Read  June  16, 
1892." 
I  had  the  hononr  of  communicating  a  papei-  to  the  Boyal  Society 
in  June,  1891,  embodying  the  reenlts  obtained  from  a  first  seiies  of 
inquiries  on  the  interchange  of  pulmonary  gases.     The  investigation 
has  been  eontinned,  and  I  have  had  the  benefit  of  the  assistance  of 
Mr.  G.  P.  Darnell  Smith,  B.Sc,  in  the  present  work.     T  am  greatly 
indebted  to  Mr.  Smith  for  many  nsefnl  suggestions ;  while  our  dis- 
cussions have  heen  fruitful  os  many  occasions. 

The  appanttas  used  for  the  estimation  of  carbonic  acid  and  oxygen 
baa  been  fully  described  in  my  former  papsr,  but,  as  the  di'awing  of 
the  endiometer  employed  coald  not  be  inserted  in  that  communicn- 
tjon,  it  is  appended  to  this  paper  together  with  an  explanation  of 
the  construction  of  the  instrument. 

The  key  to  a  method  of  investigation  calculated  to  give  correct 
■  information  on  the  interchange  of  the  i-espiratory  gases  is  to  be  found 
in  the  means  adopted  for  the  determination  of  the  volumes  of  air 
inspired  and  expired.  C.  Speck  in  his  experiments,  inspired  a 
measured  volume  of  air  from  a  bell-jar,  carefully  balanced  over  a 
water  trough,  and  expired  it  into  another,  the  volumes  of  air  in- 
spired and  expired  being  thus  determined  by  direct  measurement. 
Messrs.  Hanriod  and  Bicbet  used  gas  meters  instead  of  bell-jars.  In 
my  former  inqniry,  after  trying  how  closely  experinients  with  bell- 
jara  agreed  with  each  other,  it  was  found  that  the  results  obtained 
were  not  sufiiciently  reliable  to  be  used  except  in  the  form  of  means ; 
on  that  account,  the  object  was  attained  by  calculation,  assuming  that 
the  volnme  of  nitrogen  in  the  air  expired  was. exactly  the  same  as 
the  volume  of  nitrogen  in  the  air  inspired ;  consequcntlj  the  volume 
of  nitrogen  expired  was  proportional  to  the  volume  of  air  inspired. 

It  has  occurred  to  me  that  an  objection  to  this  means  of  deter- 
mining the  volume  of  air  inspired  might  be  raised  on  the  ground 
that  it  is  unscientific  to  adopt  a  method  of  inquiry  based  on  an 
assumption,  although  the  investigations  of  Begnault  and  Beisct  have 
apparently  placed  what  I  call  an  assumption  on  the  footing  of  an 
acknowledged  fact.  There  was  conseqnently  a  gap  to  fill  up,  as  it 
was  necessarj  to  ascertain  whether  nitrogen  is  either  absorbed  iu  the 
blotd  or  given  out,  or  whether  it  takes  no  appreciable  part  in  the 
respiratory  process;  with  this  object,  an  experiment  was  made  by 
re-breathing  a  known  volume  of  air  in  a  bell-jar,  and  deteimining 
i^erwards  the  volume  of  nitrogen  present  in  this  air,  but  the 
■  Beriaed  Aagiat,  1S92. 
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method  proved  unBatisfactorj.  Another  experiment  was  made  "with 
three  bell-jars — a  small  one,  of  a  capacity  of  10  litres,  being  placed 
between  two  others  which  held,  when  full,  40  litres  each;  the  tiiree 
bell-jars  were  connected  with  each  other  by  india-rubber  tubing 
in  the  course  of  which  an  apparatus  was  disposed  for  the  absorp- 
tion of  carbonic  acid.  The  person  under  experiment  breathed  out 
of  and  into  the  middle  and  smaller  bell- jar,  which  held  at  the  time 
5  or  6  litres  of  air,  while  a  known  volume  of  air  was  driven  from  one 
of  the  large  bell- jars  into  the  other,  through  the  smaller  receiver  and 
back  again.  The  carbonic  acid  absorbed  was  replaced  by  oxygen 
gas.  The  principle  of  the  method  was  indeed  the  same  as  that 
adopted  by  Begnault  and  Beiset,  and  more  recently  by  Messrs.  Jolyet, 
Bergoni^,  and  Sigalas.*  Great  difficulty,  however,  was  met  with  in  this 
experiment,  especially  from  the  tension  of  gases  in  the  bell-jars,  and 
it  was  ultimately  given  up. 

At  last  the  simplest  method  was  resorfced  to ;  although,  the  results 
of  the  experiments  varying  somewhat  widely  from  each  other,  this 
process  necessitated  the  adoption  of  means. 

The  experiments  were  conducted  much  on  the  same  principle  as 
those  made  by  C.  Speck,  every  precaution  being  taken  to  carry  them 
out  as  correctly  as  possible.  For  this  purpose,  40  litres  of  atmo- 
spheric air  were  introduced  into  one  of  my  bell-jars,  the  air  being 
saturated  by  passing  it  slowly  through  a  glass  vessel  holding  cotton- 
wool wetted  with  tepid  water.  Air  was  inspired  from  this  boll- jar 
through  the  nose,  with  nose-pieces  fitting  closely  into  the  nostrils, 
and  expired  fi'om  the  mouth  into  another  bell- jar,  also  holding 
40  litres;  corrections  were  made  for  slight  differences  between  the 
bell- jars  and  for  temperatures.  In  some  of  the  experiments  a  valve 
was  placed  in  the  tract  of  the  air  inspired,  and  in  others  no  valve 
was  used,  but  the  inspiitttory  and  expiratory  india-rubber  tubes  were 
pinched  alternately  with  the  fingers  to  prevent  any  regurgitation. 
Notwithstanding  every  care  to  breathe  as  naturally  as  possible,  the 
relations  between  the  Tolames  of  air  inspired  and  expired  were 
occasionally  found  to  differ  widely  from  each  other.  On  this  account 
it  has  been  found  necessary  to  reject  a  certain  number  of  these  experi- 
ments, which  yielded  figures  clearly  far  distant  from  those  they  should 
have  given ;  and  I  have  finally  a  series  of  ten  experiments  to  record, 
in  which  it  will  be  observed  that,  although  there  is  a  very  marked 
difference  between  the  figures  obtained,  still  the  means  show  that 
nitrogen  takes  no  appreciable  part  in  the  phenomenon  of  respiration, 
if  concerned  at  all  in  this  function. 

The  following  are  the  results  obtained,  placed  in  a  tabular  form— 


*  Hoferences  to  these  papers  were  giren  in  my  former  communication. 
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TolimiMaf 

...... 

Tolumn  of  sir 

bj  mtlcuktioD  from 
the  Tolnme  of 
tutrojnii  found  in 
theaireipired. 

lnaprta. 

Expired. 

aafiU  C.C. 
94,i3S  „ 
33,686  „ 
8fl,TO6  ,. 
33,996  „ 
33,946., 
33,226  „ 
34,663  „ 
33,194  „ 
38,912  „ 

33,664  CO. 
33,833  „ 
39,445  „ 
33,685,, 
38,840  „ 
83,774  „ 
32,886., 
34.866  ., 
8S.926  „ 
32,666  ., 

34.000  a.e. 
38,972  ., 
38.783  ., 
33343  ., 
34,262  „ 
33,968  „ 
38.106  .. 
34,^8  „ 
33,101  „ 
82.754  ., 

4      .,      

G(Ur.  Smith)... 

sV ::::::::: 

0  (Mr.  Smith)J. . . 
10 

Meam 

38,740  „ 

33,489  „ 

33,748  „ 

Is  tfais  table  the  first  column  of  figares,  on  the  left,  shows  the 
volumes  of  air  inspired,  aa  meaeared  in  the  bell-jar  from  which  the 
air  was  breatlmd ;  the  necoiid  column  shows  the  corresponding 
volntncH  of  air  expired  as  determined  in  the  second  receirer.  The 
third  colnmn  gives  the  volumes  of  air  inspired,  cslcnlated  fmin  the 
asflnmption  that  the  whole  of  the  nitrogen  exhaled  is  also  inhaled. 

It  will  be  observed  that  the  mean  of  the  Tolames  in  the  third 
oolomn  is  all  bnt  exactly  the  same  as  the  mean  of  the  volnmee  in  the 
first  colamn,  the  difference  being  only  by  3  c.e. ;  bence  the  obvious 
conclnsioa  that  niti'ogen  takes  no  apprcciiible  part,  oi*  no  part  at  all 
in  the  interchange  of  the  pnlmonary  gases. 

It  follows  from  the  harmony  found  to  exist  between  the  mean 
volames  of  air  actually  inspired  and  the  mean  volumes  of  air  in- 
spired determined  by  calculation,  that  the  coii'esjHmding  volnmee  uf 
nitrogen,  of  oxygen  consnmed,  and  oxygen  absorbed  and  retained  in 
the  blood,  whether  found  or  calcnlated,  will  also  be  practically  the 
Bme  i  this  is  set  forth  clearly  in  the  next  table. 

These  experiments  show  most  satisfactorily  that  the  method 
adopted  to  obtain  the  volumes  of  air  inspired  by  calculation  can  be 
trnsted  as  correct ;  and,  therefoi'e,  that  not  only  the  means  obtained 
by  that  method,  bnt  also  every  single  experiment,  may  be  accepted  as 
^ving  a  reliable  resnlt.  A  certain  amonnt  of  training  woa,  however, 
required  before  the  results  could  be  considered  as  fit  for  i-ecording. 

The  next  point  for  consideration  refers  to  the  influence  of  changes 
of  temperatni-e  on  the  consumption  of  oxygen  per  minute,  or,  in  other 
words,  on  the  carbonic  acid  produced  and  oxygon  absorbed.  These 
experiments  have  been  made  on  myself  and  Mr.  Smith  while  nnder 
the  influence  of  food,  and    an  additional   Dumber  were  m&de  on. 
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IMr.  Smith  while  fasting ;  hence,  in  his  case,  the  experiments  show  the 
influence  of  food  on  the  interchange  of  pulmonary  gases.  I  regret 
that  in  the  present  inquiry  no  experiments  were  made  on  myl^elf 
while  fasting,  and  that  those,  fasting,  on  Mr.  Smith  ai*e  too  few  to 
show  any  influence  of  temperature  under  this  condition.  It  would 
have  been,  of  course,  more  satisfactory  to  eliminate  the  influence  of 
food  while  inquiring  into  the  action  of  differences  of  tempeititure  on 
the  interchange  of  the  pulmonary  g^es.  The  results  obtained  show 
the  effects  of  n  change  of  temperature  on  the  chemical  phenomena  of 
respiration  to  vary  somewhat  with  different  persons,  some  being  more 
disposed  than  others  to  react  against  an  accession  of  cold  by  an 
inci*eased  production  of  carbonic  acid.  In  my  case,  the  effect  is  very 
obvious,  as  seen  in  the  following  table  (p.  218). 

First  of  all,  if  the  means  of  the  oxygen  consumed  per  minute,  the 
carbonic  acid  produced,  and  the  oxygen  absorbed,  also  per  minute,  be 
compared  with  the  corresponding  figures  obtained  under  the  influence 
of  food  in  my  former  inquiry,*  they  will  be  found  to  harmonise  with 
them  in  a  marked  degree  ;  they  are  as  follows  : — 

In  fonner  Obtained 

paper.  recently. 

Oxygen  consumed 248  c.c.  247  c.c 

Carbonic  acid  produced. . .      218   „  212   ,, 

Oxygen  absorbed 30*2  „  357  „ 

The  oxygen  consumed  is  nearly  exactly  the  same  in  both  cases, 
varying  by  only  1  c.c.  The  carbonic  acid  produced  is  a  little  lower 
in  the  recent  experiments,  and  the  oxygen  absorbed  somewhat 
higher. 

The  slight  difference  between  the  carbonic  acid  produced  in  each 
set  of  experiments,  and  also  the  difference,  which  is  rather  greater, 
between  the  figures  found  for  oxygen  absorbed  in  the  two  series  of 
experiments,  30*2  and  35*7,  are  probably  owing  to  the  precaution  taken 
in  the  recent  inquiry  of  allowing  half  an  hour's  perfect  rest,  in  the 
recumbent  posture,  before  commencing  the  experiment.  Formerly 
the  time  of  rest  had  been  limited  to  from  five  minutes  to  a  quarter  of 
an  hour,  when  the  pulse  and  breathing  had  become  perfectly  regular ; 
but  it  was  subsequently  found  that  half  an  hour  at  least  should  be 
allowed  before  collecting  the  air  expired  for  analysis,  in  order  to 
ensure  the  body  being  in  a  perfect  state  of  rest. 

The  table  has  been  disposed  in  a  graphic  form,  the  curves  showing, 
at  a  glance,  the  influence  of  temperature  on  the  interchange  of 
pulmonary  gases  in  my  case ;  this  influencef  may  be  summarised  a<% 
follows : — 

•  *  Roy.  Soc.  Proo.,'  June,  1891,  toI.  50. 

t  The  influence  of  cold  or  heat  in  the  present  experiments  applies  exclusively  tx^ 
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1st.  The  oxygen  consumed  falls  as  the  tempcrfttnres  lise. 
Und.  The  carbonic  acid  produced  falls  a.t  a  similar  rate,  nnder  the 
same   conditions   of  temperature,   or   as   the  temperatares 

3rd.  The  oxygen  absorlied  increases  as  the  temperatures  i-ise. 

4tli.  The  ratio  of  oxygen  consumed  to  carlmnic  oeid  produced  falls 
as  the  temperatures  increase.  Thix  ia  a  natural  conHequeuce 
of  the  corresponding  variation  of  tlie  oxygen  consumed  and 
carbonic  acid  produced. 


This  chart  is  made  by  grouping  the  tempcnitares  as  follows,  aud 
classing  the  figures  for  oxygen  consumed,  cirbunif  acid  produced, 
winter  tempcratnrca,  when  an  occeMioii  of  cold  Is  to  be  mat  bj  on  increased  oxida- 
tion in  the  bodj.     Summer  (cmprraturct  may  act  ultugether  in  n  dtifeTent  Yikj. 
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oxygen   absorbed,  and  ratios  (nnder  the  form  of  moans),  togethei 
with  their  respective  temperatures : — 


ir-4 

13°-4 

U'^'A^ 

16°-3 

ir-4 

IZ'^h 

14^-4 

IV'7 

14°-4 
14''-4 

Means IP'5 


.13'-4 


14''-4 


16^-3 


Of  coarse  it  cannot  be  expected,  in  a  work  of  this  kind,  that  tracings* 
will  be  perfectly  regular;  hence  in  the  tracing  for  oxygen  consumed 
we  observe  a  slight  abnormal  rise  between  14°'4  and  16**'3.  This  is 
■probably  owing  to  the  weather  being  cold  outside ;  the  experiment  was 
!  done  on  the  24th  of  February ;  the  maximum  temperature  of  that  day 
!in  the  open  air  was  9*  C.  (Wimbledon  Park),  and  the  body  was  partly 
i  under  this  cooling  influence,  although  the  temperature  of  the  labora- 
Itory,  at  University  College,  heated  with  hot- water  pipes,  was  IC^'S. 
;The  tracing  for  carbonic  acid  produced  also  exhibits  irregularities, 

•  but  the  curves  show  distinctly  that,  at  all  events  in  my  case,  changes 
of  temperature  exert  a  very  positive  influence  on  the  interchange  of 
the  pulmonary  gases. 

If  the  temperatures  of  the  atmosphere  in  which  the  experiments- 
are  made  be  divided  into  two  groups,  one  group  including  the  lowest 
and  another  the  highest,  and  a  table  constructed,  into   which  the' 

•  carbonic  acid  produced  and  oxygen  absorbed  are  entered  together 
with  their  corresponding  temperatures,  this  table  will  be  as 
follows : — 


i 


Low  temperature. 


Temperature. 


11-4 
11-4 
11*7 
13-4 
13-5 


Means    12-3 


CO2  pro- 
duced. 


O  ab- 
sorbed 


per  mm.       per  mm. 


c.c. 

i 
c.c. 

238 

24-9 

239 

20*4 

211 

461 

211 

31-8 

228 

37-3 

225 

32  1       ' 

1 

Mean  ratio  of  COo  prodnced  to  0  absorbed 

=  0-143. 


/ 


High  temperature. 


Tempera- 
ture. 


14-4 
14*4 

14-4 
14-4 
16-3 


14-8 


COj  pro- 
duced 
per  min. 


c.c. 
194 
194 
201 
190 
193 


194 


Oab- 

Borbcil 
per  min. 


c.c. 
35-6 
46-0 
37-1 
42  2 
45-9 


41-4 


Mean  ratio  of  COg  produced  to  O 
absorbed  =  0  -213. 
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The  mean  ratio  of  CO2  prodaced  to  0  absorbed  is,  therefore,  very 
different  according  to  temperatures ;  it  is  much  lower  in  relatively 
cold  than  in  warmer  temperatures;  hence  the  interesting  fact  that 
the  absorption  into  the  blood  of  that  proportion  of  oxygen  consumed 
which  is  not  transformed  into  carbonic  acid  is  not  concerned  in  the 
production  of  heat  towards  resisting  external  cold.  This  is  clearly 
the  case,  as  the  colder  the  atmosphere  the  less  the  proportion  of 
oxygen  consumed  as  absorbed  in  opposition  to  the  proportion  con- 
sumed towards  the  production  of  carbonic  acid,  which  is  markedly 
increased.  A  similar  efEect  of  temperature  is  met  with  in  the  experi- 
ments reported  in  my  former  paper.  Out  of  six  experiments  made 
on  myself  under  the  influence  of  food,  two  were  carried  out  2  hrs. 
25  mins.  and  1  hr.  'and  40  mins.  respectively  after  a  meal,  when 
the  laboratory  in  winter  was  much  below  its  usual  temperature, 
the  readings  being  10'*'4  C.  and  12"*  C. ;  on  these  occasions  the 
oxygen  absorbed  per  minute  was  27  c.c.  and  24!"8  c.c.  respectively, 

find  the  mean  ratio  between  the  COa  produced  and  O  absorbed  was 

26*9 

rtOQ   =  0*114 ;  while  when  the  laboratory  was  comfortably  warm,  at 

a  mean  temperature  of  IG'^'S  C,  the  mean  volume  of  oxygen  absorbed 

32-4 
was  32*4  c.c,  and  the  ratio  oTo~  =  0*152.     Hence,  again,  the  ratios 

were  lower  in  low  .than  in  high  temperatures,  which  means  that 
in  my  case  in  low  tempei*atui*es  less  oxygen  is  absorbed,  relatively 
to  the  carbonic  acid  produced,  than  in  high  temperatures.  The  expe- 
riments while  fasting  reported  in  my  former  paper  were  all  made  when 
the  laboratory  was  comfortably  warm,  and  cannot  be  utilised  towards 
showing  the  influence  of  temperature. 

With  Mr.  Darnell  &mith,  who  kindly  submitted  to  experiment,  the 
results  are  as  follows : — 
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In  Mr.  Smith's  case  there  are  actnallj  seven  pairs  of  experiments 
(fourteen  altogether)  made  nnder  the  influence  of  food.  Each  ex- 
periment was  repeated  at  the  time,  and  the  means  of  the  pairs  were 
taken  and  recorded. 

Grouping  these  pairs  of  experiments  two-bj-two,  as  shown  in  this 
last  table,  the  volnmes  of  oxygen  consumed  will  be  found  to  exhibit 
a  slight  decrease  as  the  temperatures  rise,  the  carbonic  acid  pro- 
duced also  shows  a  slight  tendency  to  fall  with  the  increase  of  tem- 
perature. The  oxygen  absorbed,  which  in  my  case  is  unmistakably 
increased  with  a  rise  in  temperature,  is  not  found  to  undergo  a  similar 
change,  but  remains  nearly  the  same  throughout ;  there  being  a  slight 
fall  at  the  two  highest  temperatures. 

With  reference  to  the  influence  of  food  on  the  interchange  of  the 
pulmonary  gases,  the  experiments  made  on  Mr.  Smith  fasting,  or 
when  a  desire  for  food  was  felt  about  five  hours  after  breakfast, 
showed  a  considerable  falling  off  in  the  oxygen  consumed,  carbonic 
acid  produced,  and  oxygen  absorbed.  Corresponding  experiments 
have  been  reported  iu  my  former  paper.  Mr.  Russell,  who  assisted  me 
at  the  time,  a  young  gentleman  twenty-one  years  of  age,  also  exhi- 
bited a  decrease,  though  but  slight,  of  oxygen  absorbed  while  fasting, 
the  figures  being  83*3  c.o.  while  fasting,  and  37*5  at  a  mean  period  of 
2  hrs.  16  min.  after  a  full  meal.  In  my  case  the  figures  were  35*3  c.o. 
while  fasting  and  30*2  under  food,  which  show  a  slight  influence  in 
the  opposite  direction.  It  appears,  therefore,  that  the  influence  of 
food  upon  the  absorption  of  oxygen  varies  with  different  persons, 
but  that  in  young  and  strong  people  the  absorption  of  oxygen  has  a 
decided  tendency  to  increase  after  a  meal. 

The  results  obtained  from  the  present  inquiry  may  be  summarised 
as  follows : — 

1.  Nitrogen  acts  a  part  inappreciable,  if  concerned  at  all,  in  the 
interchange  of  pulmonary  gases. 

2.  The  influence  of  changes  of  the  atmospheric  temperature  on  the 
oxygen  consumed,  carbonic  acid  produced,  and  oxygen  absorbed,  al- 
though in  the  present  experiments  this  influence  is  more  or  less  inter- 
fered with  by  the  phenomena  of  digestion,  is  distinct  in  my  case ;  the 
oxygen  consumed  and  carbonic  acid  produced  increasing  with  falling 
temperatures,  while  the  oxygen  absorbed  is  lessened ;  and  a  similar 
result  is  obtained  from  the  consideration  of  the  figures  given  in  my 
former  communication.  This  fact  is  interesting,  perhaps,  mainly  as 
showing  that  the  oxygen  absorbed  is  not  concerned  in  the  formation 
of  heat  in  the  body  towards  resisting  cold — a  function  which  appears 
to  be  limited  entirely  to  the  oxidation  of  carbon  into  carbonic  acid. 
If,  as  usually  admitted,  the  blood  is  limited  in  its  power  of  taking  up 
oxygen,  although  this  power  may  apparently  vary  according  to  tempe- 
ratures, then  it  is  obvious  that  an  increased  formation  of  carbonic  acid 

VOL.  LH.  ^ 


224  Dr.  W.  Marcet.     History  of  the  Interchange  of 

must  necessarily  be  attended  with  a  falling  off  in  the  oxygen  absorbed. 
Cold  would  thus  rob  the  body  of  a  portion  of  its  oxygen  and  inter- 
fere with  those  functions  of  nutrition  with  which  the  absorbed  oxygen 
is  concerned.  This  woald  explain  the  hibernation  of  animals — 
their  functions  are  arrested  because  the  whole  of  the  oxygen  they 
consume  in  winter  is  used  up  towards  the  formation  of  carbonic  acid, 
and  there  is  none  left  to  carry  on  the  phenomena  of  nutrition.  It 
would  I'.also  account  for  the  sleepiness  or  stupor  well  known  to  be 
produced  by  intense  cold. 

When  Mr.  Smith  was  under  experiment  the  influence  of  temperature 
on  the  oxygen  consumed  and  carbonic  acid  produced  was  in  the  same 
direction,  though  much  less  marked  than  in  my  case.  The  oxygen 
absorbed  does  not,  however,  show  the  same  tendency  to  decrease  with 
a  falling  temperature.  This  does  not,  I  consider,  invalidate  the 
result  as  obtained  on  myself,  the  temperature  of  the  air  being  higher 
when  the  experiments  were  made  on  Mr.  Smith  than  when  they  were 
undertaken  on  myself,  and  the  body  being  under  the  influence  of  an 
early  spring  season  in  March ;  while  the  experiments  on  myself  were 
made  in  winter,  when  the  laboratory  at  times  was  very  cold. 

3.  The  influence  of  food  on  the  interchange  of  respiratory  gases, 
although  being  attended  with  a  rise  in  the  oxygen  consumed  and 
carbonic  acid  expired,  apparently  varies  with  reference  to  the  oxygen 
absorbed.  Young  and  strong  persons,  requiring  a  full  allowance 
of  food,  appear  to  absorb  more  oxygen  while  under  the  influence 
of  a  meal  than  while  fasting,  but  late  in  life  the  oxygen  absorbed 
appears  to  show  little  or  no  tendency  to  increase  after  a  meal. 
According  to  Hanriot  and  Bichet,  the  carbonic  acid  produced  increases 
considerably  under  the  influence  of  food,  while  the  increased  absorp- 
tion of  oxygen  is  but  slight.* 

In  conclusion,  I  wish  to  allude  shortly  to  a  result  embodied  in  my 
former  communication,  and  relating  to  the  respiration  of  air  contain- 
ing an  increased  proportion  of  carbonic  acid.  Five  experiments  had 
been  made — ^three  on  myself  and  two  on  my  assistant,  Mr.  Russell. 
The  proportions  of  GO2  in  the  air  inspired  were  respectively  2*13, 
3'14,  4*06,  3*79,  and  3*91  per  cent.  It  was  found  that  the  amount  of 
oarbonic  acid  produced  in  a  g^ven  time  was  lower  than  when  pure  air 
was  breathed,  and  that  the  oxygen  absorbed  was  greatly  increased. 

The  following  table  g^ves  the  figures  obtained  for  the  oxygen 
absorbed : — 


•  *  Amu  da  Ohimiie  at  da  Fhytique,*  April,  1891. 
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fl 

Self  ^2 

L3 

Mr.  EusBeUJg* 

Per  cent.  00, 

in  air 

inspired. 

Oxygen 

absorbed  per 

minute. 

Oxyffen 

absorbed  under 

normal 

conditions 

per  minute. 

Oxygen 

absorbed 

retained  in  the 

blood  as  00, 

per  minute. 

2-58 
8-54 
4-06 
8-79 
8-91 

71  c.c. 

112   „ 
127  „ 
141   „ 
170   „ 

27 
27 
26 
26 
87 

44c.c. 

86   „ 
102   „ 
116   „ 
133   „ 

It  will  be  seen  that  the  oxygen  absorbed  per  minnte  when  carbonic 
acid  was  breathed  greatly  exceeded  the  oxygen  absorbed  when  pnre 
Air  was  inspired.  The  figures  given  in  the  table  for  0  absorbed 
under  normal  conditions,  are  taken,  witb  one  exception,  from  experi- 
ments made  at  the  same  sitting  as  those  in  which  GO2  was  breathed, 
and  therefore  compare  with  them.  The  excessive  volume  of  oxygen 
absorbed  when  air  mixed  with  CO,  was  inhaled  must  have  been  owing 
to  the  fact  that  a  portion  of  the  oxygen  consumed,  which  under  usual 
circumstances  would  have  been  given  out  as  carbonic  acid,  remained 
in  the  blood,  obviously  as  carbonic  acid,  because  of  the  impeded 
diffusion  in  the  lungs  on  account  of  the  GO,  contained  in  the  air 
breathed.  The  actual  amount  of  carbonic  acid  being  thus  retained 
in  the  blood  can  be  calculated,  with  what  I  think  a  near  degree  of 
approximation,  by  subtracting  the  oxygen  which  would  have  been 
Absorbed  in  the  respiration  of  pure  air  from  the  oxygen  actually  found 
to  have  been  absorbed  under  the  influence  of  the  CO2  inspired. 

These  figures,  varying  from  4A  c.o.  to  133  c.c,  are  entered  in  the 
last  column  of  the  table,  and  show  how  large  a  volume  of  00a  niay  be 
retained  in  the  blood  when  air  contaminated  with  GO2  is  used  for 
respiration.  This  carbonic  acid  goes  on  accumulating  in  the  body  inter- 
fering with  the  normal  phenomena  of  oxidation.  It  is  very  difficult 
to  consider  this  effect  otherwise  than  poisonous ;  although  under  cir- 
cumstances which  admit  of  the  introduction  of  00%  in  the  blood 
through  another  channel  than  respiration,  the  gas  appears  innocuous. 
01.  Bernard  has  shown  this  to  be  the  case  by  the  injection  of  OO2  into 
the  circulation  of  animals,  when  the  gas  found  its  way  out  of  the  body 
through  the  lungs  without  producing  any  morbid  action. 

Description  of  a  New  Form  of  Bvdiometer. 

A.  Receiver  containing  hydrogen  gas. 

B.  Eudiometer. 

b.  Three-way  stopcock. 
0.  Flask  holding  water. 
D.  Cylinder  oontainiiig  the  gas  for  analysis. 
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The  eudiometer  has  the  form  of  a  ^-tnbe,  drawn  into'&n  open  nett 
at  its  bend,  where  the  opening  is  controlled  iritl)  a  stopcock.  One  of 
the  b'mba  of  the  instmment,  which  is  gradnated,  is  aarronnded  by  a 
wsier  jacket,  and  has  an  iron  cap  oemented  to  it,  in  which  there  is  a 
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three-way  iron  stopcock.  A  scale  is  fixed  at  the  back  of  the  open  limb, 
the  divisions  corresponding  exactly  to  those  engraved  on  the  other 
limb. 

The  flask  G,  open  at  both  ends,  is  fall  of  water,  and  communicates 
by  india-mbber  tabing  with  the  cyb'nder  D,  which  contains  the  air  for 
Analysis. 

The  process  of  analysis  is  as  follows : — The  eudiometer  is  entirely 
filled  with  mercury.  Next,  the  hydrogen  being  placed  under,  a 
pressure  of  1  op  2  inches  of  water  by  depressing  the  receiver, 
the  gas  is  driven  through  the  three-way  cock,  while  at  tbe  same 
time  it  is  aspired  by  a  compressed  india-rubber  syringe,  which  is 
suddenly  released ;  this  washes  out  all  the  atmospberio  air  from  the 
tube  connecting  the  supply  of  hydrogen  with  the  eudiometer.  The 
three-way  cock  being  turned  so  as  to  connect  the  hydrogen-receiver 
with  the  eudiometer,  mercury  is  let  out  at  the  bend  of  the  instru- 
ment, when  hydrogen  is  drawn  into  it,  and  the  volume  of  the  gas 
recorded.  Air  from  the  flask  D  is  admitted  into  the  eudiometer 
through  the  india-rubber  tube,  pressure  being  exerted  by  the  water 
held  in  the  flask  D,  while  aspiration  is  produced  by  letting  out 
mercury  from  the  eudiometer.  The  gases  are  brought  under  atmo- 
spheric pressure  by  adding  or  taking  out  mercury. 

The  gases  are  mixed  in  the  eudiometer  by  means  of  an  india- 
rubber  syringe  fitting  to  the  open  end  of  the  instrument,  where  the 
funnel  is  shown  in  the  drawing;  the  syringe  is  compressed  and 
released  repeatedly,  thus  driving  the  mercury  up  and  down.  The 
little  movable  spirit  level  is  convenient,  though  not  indispensable, 
towards  the  adjusting  of  the  mercury  in  the  two  limbs.  I  find  that 
jsuch  an  instrument  has  been  proposed,  or  used,  for  similar  purposes 
by  G-.  Lunge  C  Chem.  Soc.  Jl.,'  1892),  bat  the  readings  are  not  so 
reliable  as  those  obtained  from  two  identieal  eoaieB,  one  for  each  limb 

of  the  U"**^^* 

The  gases  are  finally  exploded  in  the  ueaal  way. 

The  process  is  deftoribed  in  full  in  my  p^>er  read  June,  1891,  to 
the  Royal  Society. 


Meaers.  F.  Lydall  and  A.  W.  S.  Pocklington. 


*' Magnetic  Properties  of  Pure  Iron."  By  Frakcis  Ltdall  and. 
AiiPBKD  W.  S.  PocKLraQTON.  Gommimicated  by  J.  Hop- 
KmsON,  F.R.S.     Received  May  4,~Read  June  16,  1892. 

Tbe  following  reBolU  were  obtained  at  King's  College,  Strand,  for 
a  specimen  of  vezy  pnre  iron.  The  ezperimenta  were  made  under  tbe 
direction  of  Dr.  Hopkinaoii.  The  sample  was  sapplied  to  him  by  Sir 
Prederick:  Abel,  K.G.B.,  F.B,.S.,  to  whom  it  was  sent  by  Colonel 
Dyer,  of  the  Elawick  Works.  It  is  of  almost  pare  iron,  and  the  srib- 
stonces  other  than  iron  are  stated  to  be : — 

Oubon.  Bilioon.         Phoiphonu.        SolphuT.        Uangaiwu. 

Trace.  Trace.  None.  0013  01 

Tbe  method  of  experiment  is  the  same  as  tbat  described  in  Dr. 
Hopkinaon's  paper  before  thia  Society  on  the  "Magnetisation  of  Iron 
at  High  Temperatures,"  viz.,  taking  a  oarre  of  indootion  at  the 
temperature  of  tlie  atmosphere,  and  then  at  increasing  temperatures 
until  the  critical  point  is  reached.  The  temperatures,  as  in  his  paper, 
are  calculated  from  the  resistances  of  the  secondary  winding,  the 
increase  of  resietance  per  1°  G.  being  assumed  to  be  000368  of  the 
resistance  at  20°  C.  In  brackets  are  also  given  the  temperatures 
calculated  by  Benoit's  formula — 

Resistance  at  ('  C.  =  resistance  at  O'C.  {H-00OS67(+00O00OO587f'}.* 

The  dimensions  of  the  iron  ring  are — 


as  in  the  earlier  experiments. 

Fig.  1  gives  the  curve  of  induction  taken  at  lO"'.*^  C.  compared  with 
the  sample  of  wrought  iron  of  Dr.  Hopkinson's  paper,  jnst  referred 
to,  taken  at  8°'5  C.  It  shows  the  very  high  induction  developed  in 
the  pnre  specimen  for  a  moderate  magnetising  force,  and  also  the 
small  amount  of  hysteresis.  The  following  are  tbe  actual  values  of 
induction,  B,  and  mi^netising  force,  H  :— 

•  Ererett'i '  C.G.S.  UnitB  vai  Phyaicol  Con«t*nt«,'  p.  160. 
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34 

118 
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17,410 
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2  11 
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1V02 
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H 

0-16 

0-8 

0-6 

1-9 

a -2 

4-4 

8-2 

"■' 

24-7 

87 -S 

Figa,  2,  3,  4,  and  5  give  the  carm  taken  at  the  following  lempera- 
torea,  as  calooiated  from  the  aeoondaiy  resiBtanoes — 656*  (676°),  727° 
(738°J,  770*  (780°),  aSf."  (85r). 

The  Taluei  for  these  oarves  are  as  followa  : — 


Messra.  F.  Lydall  and  A.  W.  S.  PockKugton. 
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360 
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6902 
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0-53 
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3-87 

11  0 

3B1 

In  these  we  Bee  for  a  rise  of  temperature  a  marked  decrease  of 
U^Bt^resis  and  a  very  macli  lower  maximnm  of  indnction. 


S33  Magnetic  ProptrtUa  of  Pur«  Iron. 

Also  that  for  a  Bmall  magDetismg  force  the  permeability  rises  very 
remarkably  with  the  temperature,  bnt  jost  the  reverse  for  a.  force  of, 


Fib.  6. 

^H 

i^^^^^mf 

Fig.  6  shows  tho  rise  of  permeabiiitf  in  relatioD.  to  temperatnre 
when  H  ^  0'<S,  the  mftzimnm  permeabilitj  obeerred  being  11,100  for 
a  magnetising  force  of  O'tt,  and  at  a  temperatnn  of  855°  G.  (SST*'). 

Fig.  7  contrasts  the  relatioa  of  iiidncti<m  to  temperature  at  &  small 
and  a  larger  magnetising  force. 

During  the  heating  of  the  specimen,  the  critical  point,  when  the 
iron  suddenly  became  non-magnetic,  was  reached  at  874°  C.  ((l75'), 
and  on  cooling  it  became  magnetic  at  835*  C.  (838°). 

Comparing  these  resalts  with  thuse  obtained  with  the  more 
ordinary  speoimens  of  iron  mentioned  in  Dr.  Hoplcinsou's  paper,  we 
hare  here  871*  C.  as  against  786*  C,  while  in  an  experiment  on  some 
soft  iron  wire  the  critical  temperatare  was  880*  C.,  and  for  hard  piano- 
forte wire  it  was  838°  C. 
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"  On  the  ShoiUder  Girdle  in  Ichthyosauria  and  Sauropterygia." 

By  J.  W.  HULKE,  FJIS.    Received  April  11,— Read  May 

12,  1892. 

In  a  paper  recently  commnnicated  to  the  Royal  Society  by  Pro- 

fesBor  H.  0.  Seeley,*  in  which  is  disctused  "The  Nature  of  the 

Shoulder  Girdle  aad  GlaTicolar  Arch  in  Sauropterygia,"  the  aathor 

challenges  the  validity  of  statements  relating  to  this  ^rdle  made  by 

me  at  the  AmiiTeraary  Meeting  of  the  Geological  Society  of  London 

in  1883.t     This  from  so  eminent  a  paUeoherpet^logist  imposed  on 

■  Seelej,  Profmcor  H.  &.,  "  Tha  Nature  of  tha  Shoulder  Qirdle  and  the  Clavi- 
cular Arch  in  Saaroptorjgia."  SeceiTed  Januarj  IS,  1892.  Bead  Febnmiy  18, 
1892.     '  Proc.  B«j.  8o«.' 

t  Hulke,  J.  W.,  "  Preudential  Annual  AddieM,"  '  Qeol.  Soc.,  Lond.,'  on  Feb. 
le,  18SS  ]  '  Quart.  Jl.  Qeol.  Soc.,'  toI.  89, 1883,  Proc.,  p.  aS. 
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me  the  task  of  re-examining  the  facts  and  the  considerations  on 
which  were  based  those  statements  made  nine  years  ago,  and  now 
qaestioned.  The  ontcome  of  this  enquiry  I  now  offer  to  the  judg- 
ment of  the  Koyal  Society. 

In  his  recent  paper,  in  addition  to  the  known*  elements  recognised 
by  all  oomparative  anatomists  (vis.,  two  scapulfiB,  two  coraooids,  two 
clavicles,  and  an  interclavicle),  Professor  H.  G-.  Seeley  (a)  assigns 
to  the  Ichthyosanrian  shoulder  girdle  a  precoraeoidy  cartilaginous ; 
(b)  he  regards  as  non-proven  my  interpretation  of  the  anterior  of 
the  two  ventral  rays  present  in  the  Plesiosaurian  girdle,  as  a  pre- 
coracoid ;  (c)  he  oonsiders  that  the  prooeis  ascending  from  the  body 
of  the  scapula  in  Plesiosauria  is  not  homologous  with  the  analogous 
vertical  ray  in  the  Testudinate  shoulder  girdle ;  and  (d)  he  contends 
that  certain  osseous  components  of  the  Plesiosaurian  girdle  are 
clavicles  and  intercUivicley  and  not  omostemalia. 

It  will  be  convenient  to  notice  these  matters  serially. 

(a)  The  value  of  the  evidence  on  which  a  precorctcoid — cartilaginous 
— has  been  assigned  to  the  Ichthyoaaurian  shoulder  girdle. 

Professor  H.  G.  Seeley  conceives  the  presence  of  a  precoxacoid — 
cartilaginous — ^in  this  girdle  which  '^  articulated  with  the  part  of  the 
scapula  anterior  to  the  external  articulation  of  the  coracoid,  and  also 
with  the  anterior  interior  processes  of  the  coracoids,  so  as  to  complete 
the  precoracoid  foramen  anteriorly." 

He  founds  this  conception  mainly  on  the  supposition  that  the 
ventral  end  of  the  scapula  comprises  three  several  portions: — (1)  a 
posterior  portion  which  contributes  to  form  the  fossa  glenoidalis ; 
(2)  a  middle  portion  articulating  "  with  the  anterior,  articular  edge 
of  the  coracoid;"  and- (3)  an  anterior  which  does  not  differ  in  its 
cartilaginous,  articular  aspect  or  thickness  from  the  nuddle  portion, 
but  which  looks  inwards  without  any  other  bony  element  of  the 
shoulder  girdle  to  articulate  with  it. 

The  conception  of  a  distinct  anterior  portion  of  the  ventral  end  of 
the  scapula  in  front  of  that  part  of  this  end  of  the  scapula  which 
articulates  with  the  coracoid.  therefore  which  is  in  front  of  the  scapulo- 
coracoid  articulation,  is,  then,  a  principal  reason  for  Professor 
H.  G.  Seeley's  conception  of  a  precoracoid — cartilaginous — in  the 
Ichthyosaurian  girdle. 

A  careful  study  of  many  Ichthyosanrian  scapulas  disposes  me  to 
regard  as  fallacious  the  appearance  of  a  tripartite  division  of 
the  ventral  end  of  the  bone ;  such  a  division  does  not  appear 
to  me  to  be  supported  by  the  best  preserved  and  most  perfect 
examples. 

In  a  scapula,  now  before  me,  obtained  by  A.  Leeds,  Esq.,  from  the 
clay  pits  (Oxford  clay)  near  Peterborough,  which  retains  its  normal 
figui*e,  texture,  and  surface  markings,  as  perfectly  as  a  newly  mace- 
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rated  bone,  I  find  the  ventral  end  to  comprise  a  stout,  posterior  part 
of  an  approximately  semi- ellipsoidal  fignre,  having  its  major  axis, 
10'5  cm.  long,  much  nearer  the  inner  border,  which  does  not  greatly 
vary  from  a  straight  line.  The  minor  axis,  4'3  cm.  long,  is  distant 
4*6  cm.  from  the  posterior  vertex  of  the  ellipsoid,  towards  which  the 
thickness  of  the  bone  rapidly  diminishes.  The  reduction  of  thick- 
ness forwards  is  less  rapid,  the  width  across  the  end,  between  the 
inner  and  the  outer  sur&ce,  being  1*8  cm.,  at  the  anterior  vertex  of 
the  ellipsoid.  From  this  point  forwards  the  thickness  of  the  bone 
continues  to  decrease  to  the  anterior  border  of  the  bone,  with  which 
this  part  of  the  ventral  end  makes  an  angle.  At  its  anterior  termi- 
nation here  the  thickness  of  the  ventral  end  is  only  0*8  cm.  The 
suri'ace  texture  of  this  end  has  a  gpranular  character  suggestive  of  a 
former  cartilaginous  crust.  This  granulation  is  coarser  in  the 
narrower  anterior  part. 

When  this  scapula  is  stood  on  its  ventral  end  on  a  flat  horizontal 
surface,  as  on  a  table,  and  viewed  perpendicularly  to  one  of  its 
surfaces  (preferably  the  inner  surface),  the  profile  of  this  end  of  the 
bone  comprises  a  middle,  horizontal  segpnent,  fi'om  both  ends  of 
which  the  contour  rises  angularly;  its  posterior  branch  includes 
with  the  horizontal  direction  of  the  middle  part  (produced)  an  angle 
of  about  35° ;  and  its  anterior  branch  includes  with  the  same  hori- 
zontal line  an  angle  of  65^^. 

This  different  direction  of  the  parts  of  the  profile  apparently  has 
suggested  to  Professor  H.  G.  Seeley  a  threefold  division,  in  which 
each  part  had  a  distinct  separate  office.  A  critical  examination  of 
the  surface  of  the  end  shows,  I  think,  that  the  idea  of  a  tripartite 
division  of  this  end  is  illusory,  and  that  this  end  comprises  only  two 
parts,  one  posterior,  glenoid,  diarthrodial  segpnent;  the  other,  an 
anterior  synohondrosial  segment,  which  articulated  with  the 
coraooid. 

The  outer  surface  of  the  scapula  near  its  ventral  end  is  sinuous ; 
convex  in  its  posterior  third,  where  the  bone  is  stoutest ;  and  con- 
cave in  its  anterior  two -thirds,  where  the  bone  becomes  thin,  the 
ooncaviiy  here  being  chiefly  due  to  the  orUward  trend  of  the  surface 
towards  the  anterior  border  which  gives  to  this  part  a  thin,  lip-like, 
angularly  projecting  figure  where  the  ventral  and  anterior  borders 
meet. 

In  conformity  with  the  ventral  end  of  the  scapula,  the  correspond- 
ing outer  border  of  the  roughly  quadrilateral  coracoid  exhibits  a 
stout  posterior  part,  its  complement  of  the  forna  glenoidalis ;  and 
a  thinner  anterior  part  which  encroaches  on  the  anterior  border  by 
truncation  of  the  antero-extemal  angle,  for  synchondrosial  union 
wi^  the  scapula. 

Bearing  in  mind  that  the  bones  composing  the  Ichthyosaurian 
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shoulder  girdle  are,  normally,  never  synostosed,*  bat  that  the 
flcapulaa  and  coracoids  preserve  their  separate  individnalitj  even  in 
skeletons  bearing  the  stamp  of  maturity,  the  inference  is  warrantable 
that  they  were  in  life  knit  together  by  a  persistent  remnant  of  the 
cartilaginous  *'  continuum^**  which  in  Amphibia  and  upwards  is  the 
foundation  of  these  two  bones,  and  also  of  the  precoracoid  where 
this  exists. 

Further,  analogy  warrants  the  inference  that  the  quantity  of  such 
persistent  cartilage  remaining  at  the  ventral  end  of  the  scapula,  and 
at  the  corresponding  tract  of  the  ooracoid,  varied  with  the  age  of  the 
individual,  and  in  dependence  on  this,  with  the  extent  to  which  ossi- 
fication had  advanced ;  also  that  the  quantity  of  this  remaining 
cartilage  was  not  throughout  its  area  a  bond  of  uniform  width,  but 
it  was  narrower  where  the  bones  it  united  approached,  and  wider 
where  they  receded  from  one  another.  But  the  recess  between  the 
truncated  antero-extemal  comer  of  the  coracoid  and  the  adjacent 
antero-inferix)r  angle  of  the  scapula,  both  which  parte  bear,  as  Pro- 
fessor H.  G.  Seeley  says,  the  mark  of  having  had  cartilage  attached 
to  them,  is  just  the  situation  where  a  wider  band  of  synchondrosial 
cartilage  might  be  expected  than  was  present  posteriorly  where  the 
scapula  and  coracoid  were  nearer  together. 

In  support  of  his  conception  of  a  precoracoid— cartilaginous — ^in 
Ichthyosauria,  Professor  H.  G.  Seeley  cites  the  opinion  held  by  Sir 
E.  Home,  Buckland,  and  Guvier  respecting  the  position  and  the  rela- 
tions of  the  scapula.  These  opinions  are  to  be  gathered  chiefly  from 
their  figures,  since  their  text  gives  us  little  information  of  their 
thoughte  on  the  matter. 

Sir  E.  Home,  in  his  third  paper  on  Ichthyosaurian  Bemains,t  says, 
of  the  scapula  in  Mr.  Bullock's  specimen  engraved  in  his  first 
paper,  "it  was  then  mistaken  for  a  portion  of  a  rib  accidentally 
brought  there,  but  it  is  now  found  to  have  been  nearly  in  ite 
natural  situation.  It  bears  a  resemblance  to  the  clavicular  bone  in 
Birds." 

Sir  E.  Home's  "reconstruction"  of  the  Ichthyosaurian  shoulder 
girdle  (fig.  1)  was  manifestly  based  on  certain  resemblances  its  com- 
ponent parte  showed  to  those  of  the  "  sternum  "  of  OmUhorhynchus 
paradoxusy  which  latter  was  brought  to  his  attention  by  Mr.  W.  Glift, 
Conservator  of  the  Museum  of  the  Royal  College  of  Surgeons.  Sir 
E.  Home  unfortunately  misread  the  Monotreme's  pectoral  girdle ;  he 
mistook  ite  coracoid  for  a  descending  process  of  ite  scapula,  and  he 
identified  ite  epicoracoid  with  the  Ichthyosaurian  ooracoid. 

*  I  haye  noticed  lynoitosii  of  soapula  and  coracoid  in  lehihjfOiomria  m  a  leqael 
of  inflammation,  marked  by  much  irregular  hyperostodi. 

t  Home,  Sir  B.,  "Additional  Facta  reipeoting  the  Foenl  Bemainiof  an  Animal," 
in  *  BhiL  Trans.,'  1818,  p.  25» 
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Via.  1. — Bednced  copy  of  Sir  E.  Eoms's  reatontion  of  the  peotonl  &rch  of  leKfkgo- 
savm  ('  Phil.  Truia.,'  1818,  PI.  2,  flg.  1).  Ql.,  cluTiole ;  5a.,  ■Cttptila;  litt., 
iatenlsTicle ;  Cor.,  corscoid.  (Thu  lettering  iiidie»tM  the  identio  pi«OMin 
all  the  Sgurei  illuitrsting  this  paper.)  The  ahadiDg  in  the  Vsouity  in  front 
of  the  Doraooid  ha*  been  added  to  ahoirths  poaition  of  the  pKOonMoid  (Seelej). 

The  nnnataral  proportioiiB  of  the  several  bones  sbown  in  his  recon- 
atruction  (fig.  1,  PJ.  2,  '  Phil.  Trans.,'  Part  I,  1818),  place  it  beyond 
doubt  that  he  derived  his  ideas  from  the  dissociated  bones  of  more 
than  one  individoal,  and  also  that  he  bad  not  at  that  time  seen  in  a 
single  skeletfln  all  the  component  elements  of  this  aroh  in  their 
normal,  or  in  bnt  slightlj  disordered  relation. 

Cavier  treata  of  the  scapnla  very  briefly ;  he  sajs,*  "  L'omoplate, 
j,  est  anasi  on  pen  dilates  en  ^ventail  vers  I'endnut  oil  elle  s'nnit  an 
corEtcoidien  ;  elle  se  r^tr^cit,  en  se  oonrbant,  ponr  remonter  rers  ]e  dos, 
et  elle  a  &  eon  bord  ant^rienr  nne  pro^minence  ponr  donner  appni  ik 
I'extr^mit^  de  la  cIaTionle."t 

Although  he  added  more  than  any  other  writer  to  the  exact  know* 
ledge  of  the  osteology  of  /Mf&yofawrtw  (and  PIsmoaoMrtM),  and  this 
chiefly  from  the  study  of  specimens  aoqoired  by  him  in  London  for 
the  Paris  Mnsenm,  it  is  noteworthy  that  be  did  not  state  his  own 
views  on  the  shonlder  girdle  other  than  in  very  general  terms ;  nor 
did  he  embody  them  in  a  "  reoonstmotion " ;  bat  be  copied  (with 
proper  acknowledgment)  the  figore  of  this  girdle  in  Sir  E.  Home's 
"  plate  "  i  at  the  same  time  ha  also  reprodnced  the  restoration  given 
by  Conybeare,  of  the  aama  skeletal  part^ 

Now,  Sir  E.  Home's  and  the  Bev.  W.  D.  Oonybeare's  reoonetmo- 

•  Gorier,  Qt.,  '  OaMmena  FoinlM.'    Bdit.  8.    Toms  6,  Parti*  1,  p.  47Q,  1885. 
f  Ouvier,  &.,  '  0«aainena  VomUm,'  Ios.  ait. 

X  Coajbean,  W.  B.  (and  De  U  Bwdu),  A  ITew  VomU  Animal,  •  OeoL  8<M. 
Tnu.,*  p.  U7,  Tol.  B,  lasi.  and  Xlg.  7,  ToL  1,  Part  I,  and  8«i«a. 
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Fia.  S. — Conjbcwe'*  reoonibiictioii  of  pectoral  girdle  of  liiKUtyotomna  ('Tnuu. 
Qaol.  8oc.  loud.,'  toI.  1,  Fart  2,  SsriM  2,  Fl.  49,  &g.  7.  Copied  in  '  Oh.  Fon.' 
Edit.  S,  Tome  S,  PL  32,  8g.  7). 
tions  of  the  lohthjOBanrian  shoulder  girdle  diSer  great)/,  notahlj  bo 
in  the  positions  and  the  relations  of  the  scapula.  As,  however,  Cnvier 
copies  hoth,  and  abstains  from  expressing  his  own  riews  on  the  sab- 
jeot,  obrionsl^  little  weight  attaches  to  his  authority  in  regard  to  it. 

The  passage  qnoted  above  from  the  "  Ossemens  Fosailes,"  certainly 
mentions  a  "pro^minence"  on  the  anterior  border  of  the  scapula  fw 
affording  support  to  the  end  of  claviole ;  bnt  the  passage  is  not  qnite 
free  from  ambiguity.  It  does  not,  however,  appear  to  me  to  fix 
the  position  of  the  scapula  shown  in  Sir  B.  Home's  reconstruction, 
and  adopted  by  Professor  H.  G.  Seeley,  which  represents  a  non- 
articnlar  part  of  the  ventral  end  of  this  bone  in  advance  of  the  , 
coraco-Hcapolar  articulation  ;  for  the  reconstractioii  shows  the  mesial 
ends  of  the  clavicles  resting  on  the  anterior  aspect,  of  the  cross-bar 
of  the  interclavicle,  bb  we  know  by  numerous  examples  they  certainly 
do  in  many  7chtAyo«auria,  and  not  on  the  antero-ventral  angle  of  the 
Bcapula;  so  that  the  end  of  the  clavicle  here  referred  to  by  Cnvier 
would  seem  not  to  be  the  inner  but  the  outer  end.  Where  this  rests 
on  the  anterior  border  of  the  scapala,  I  have  noticed  in  Borne  examples 
a  rough,  low  elevation,  as  if  for  a  ligamentons  attachment,  a  oircnm- 
stance  confirmatory  of  the  idea  that  the  outer  and  not  the  inner  end 
of  the  clavicle  is  hero  intended. 

Bnchland,  another  authority  cited  by  Professor  H.  G.  Seeley  in 
support  of  his  view  respecting  the  ventral  end  of  the  scapula,  repro- 
ducHB  Cnvier's  reduction  of  Sir  E.  Home's  reconstruction  given  in 
fig.  1,  PI.  2,  '  Phil.  Trans.,'  1818  ;  and  since  in  bis  text  he  omits  all 
detailed  desoription  of  the  several  parts  composing  the  shoulder 
girdle,  he  leaves  ns  in  ignorance  whether  he  had  himself  formed  a 
distinct  opinion  respecting  the  normal  position  and  relations  of  the 
Ichthyosaurian  scapula.* 

•  Bockluid,  W.,  '  0«olog7  and  Hinertjogy  eoniidered  irith  Befeienee  to 
Natuna  Theology,'  p.  181,  toI.  1,  1S86,  and  PL  12. 
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Obviously,  then,  there  is  small  claim  to  quote  Buckland  as  an 
authority  upon  the  anatomical  details  of  the  pectoral  arch. 

Amongst  other  reasons  for  suggesting  the  presence  of  a  precora- 
coid — cartilaginous — in  Ichthyosaurus  assigned  bj  Professor  H.  G. 
Seeley,  are  the  following,  viz. : — 

1.  "  That  it  accounts  for  the  structure  of  the  shoulder  girdle,  and 
explains  its  homology." 

If  by  *'  the  structure  of  the  shoulder  girdle  "  the  author  means,  as 
I  imagine,  the  alleged  tripartite  division  of  the  ventral  end  of  the 
scapula,  and  the  marks  of  attachment  of  cartilage  apparent  in  the 
foremost  of  the  supposed  three  divisions,  and  also  on  the  antero- 
intemal  angle  of  the  coracoid,  both  are  naturally  explained  in  the 
suggestion  I  have  offered  above,  and  this  without  the  introduction  of 
another  skeletal  element  of  which  no  objective  trace  remains.  As 
regards  the  homologies  of  all  the  known  ])arts  of  the  Ichthyosaurian 
shoulder  girdle,  I  had  supposed  that  all  comparative  anatomists  had 
long  been  in  pei-fect  accord. 

2.  **It  brings  the  shoulder  girdle  of  Ichthyosaurus  into  harmony 
with  NothosauruSy  in  w^hich  there  is  a  similarly  incomplete  coracoid 
foramen,  and  similar  cartilaginous  surfaces  of  coracoid  and  scapula 
in  close  juxtaposition." 

The  Nothosaurian  (osseous)  shoulder  girdle,  for  the  knowledge  of 
which  we  are  indebted  to  H.  v.  Meyer,*  comprises  three  pairs  and 
an  azygos  piece,  viz.,  two  coracoids,  two  scupulee,  two  clavicles,  and 
an  interclavicle. 

These  are  precisely  the  same  osseous  parts  as  are  present  in  the 
Ichthyosaurian  shoulder  girdle. 

Now,  Professor  H.  G.  Seeley  inferring  the  existence  of  a  precora- 
coid  in  Ichthyosaurus,  supports  this  hypothesis  by  the  argument  that 
its  presence  would  bring  the  Ichthyosaurian  girdle  into  harmony  with 
that  of  Nothosaurus,  in  which  its  presence  is  equally  hypothetical. 

The  form  and  the  relations  of  its  osseous  parts  are  well  seen  in 
the  annexed  figure  from  Zittel's  '  Paleeontologie,'  which  is  a  reduction 
of  one-fourth  of  H.  v.  Meyer's  large  figure  of  the  shoulder  girdle  of 
Nothos.  mirahilis.^ 

H.  V.  Meyer  regarded  the  two  angulated  long  bones  composing  the 
principal  part  of  the  anteHor  ventral  ray  as  clavicles,  and  the  small 
middle  piece  embraced  by  their  inner  ends  as  "  sternum  "  (inter- 
clavicle in  the  nomenclature  of  to-day).  I  formerly  thought  these 
precoracoids,  but  better  knowledge  of  the  relation  of  their  inner 
ends  to  the  interclavicle,  and  of  their  outer  ends  to  the  scapula,  has 

*  Meyer,  H.  v.,  Saurier  des  MuBchelkalks  ('  Zur  Fauna  dcr  Yorwelt,'  1845 — 
1857),  Fig.  1,  Lief.  34,  Fig.  of  Nothos.  Shoulder  Girdle  viewed  from  above.  Natural 
size. 

t  Zittel,  K.  A.,  *  Handbuch  der  Paleeont.,'  vol.  3,  Abth.  1 ;  S.  476,  fig.  4i7. 

VOL.  LII.  B. 
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Fia.  3.— Slioiilder  girdle  of  Noliotavmi  miralilii.  |  nntunl  »ize.  From  Zittel'i 
'  Hnodbuch  (ler  PnlKont.,'  Bd.  3,  Lief.  3.  S.  47S.  (Thi*  is  &  reduced  Mpy  of 
H.  V.  Me.ver's,  Fig.  1,  TaT.  34, '  Saurier  dea  Muschelkalks.') 

long  appeared  to  me  coacluBive  of  the  correctness  of  H.  v.  Meyer's 
intoipretation  of  their  homology  ;  and  I  am  coafirnied  in  this  rectifi- 
oation  of  ray  earlier  view  by  inHtances  of  a  similar  behaviour  of  the 
inner  ends  of  the  claTicles  and  intoi'claricle  in  certain  Idtthyosavtiii 
from  the  Oxford  clay  obligingly  brought  under  my  notice  hy  A.  Leeds, 
Esq.,  of  Peterborough.  Such  relations  obtain  in  Ophthalmomunig 
iceuiciia  (Seelev,  H.  G.)  ('  Geol.  Soc.  Quart.  Jour.,'  p.  396,  el  »eq.,  vol. 
30,  1874). 

Whilst  in  cevtam  Ichlhyogauria  the  relations  of  the  inner  ends  i>f 
the  clavicles  and  interclavicle  are  in  close  accoi-d  with  those  ubtaiaing 
in  Nothomvrus,  the  relation  of  the  oater  ends  of  the  clavicles  to 
the  scapulie  is  different. 

In  Icfithyoiauna  the  clavicle  tapers  laterally,  not  widening,  and  its 
outer  end  creeps  up  along  the  anterior  border  of  the  blade  of  the 
scapula,  splint-wise,  nearly  or  quite  to  the  fall  extent  of  the  latter, 
nith  which,  as  already  mentioned,  it  seems  to  have  been  only  liga- 
mentously  connected.  In  Nothoianriii,  however,  the  outer  end  of  the 
clavicle  is  united  suturally*  to  the  body  of  the  scapula,  and  at  the 
root  of  its  ascending  proi-eaa,  which  mo.st  comparative  anatomists,  I 
suppose,  identify  with  the  blade  of  the  scapula. 

•  Thr  firniiu'B-  of  the  suture  (serr.ded)  i*  sliown  by  l);e  fact  that  ron  Meyer  found 
iHTprtil  ''|>eeiiii(<ii>'  in  irhicti  t)  e  clariolo  liad  bixken  aS  Dpar  tLe  a^iture  whicb  MiU 
liold  a  fmgmeiit  of  the  cUricle  llruih'  knit  ti  tlie  loif  ula. 
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UnleSB  I  h&VB  greatly  failed  to  grasp  his  meaning,  Professor  H.  G. 
Seelej  grounda  faiit  idea  of  the  preaence  of  a  cacti laginoan  precoracoid 
in  Sothosanrus  on  the  chnractera  of  tho  tarminal  border  of  the  process 
marked  x,  and  on  that  of  the  part  of  tho  scapala  marked  x  (&g.  .^),  and 
also  in  the  presence  of  the  notch  n,  at  the  outer  side  of  the  process  x, 
which  he  identifies  with  the  nolch  in  the  anterior  border  of  the  Ichthyo- 
sanrian  coracoid,  and  bo  with  the  preeoracoid  foramen  (ror.  for.  of  most 
anthors)  in  Beptilia  tquaviata.  Were  the  notch  n  converted  into  a 
foramen  by  a  cartilaginous  band  joining  x  and  x,  such  cartilaginoas 
bar  with  tho  bony  process  x  would  constitute  the  precoracoid  element 
conceived  by  Professor  H.  G.  Seeley.  This  hypothesis  is  not  free 
from  difficulty.  In  both  the  primary  divisions  of  Ampbibiti  tbc  car- 
tilaginous precoracoid  is  more  in  line  with  the  scapula,  forming,  an 
it  were,  a  ventral  extension  of  this,  than  it  is  with  the  precoracoid, 
and  when  the  precoracoid  oasifies  (Urodela)  in  common  with  either 
of  the  other  components  ot  the  girdle,  ossification  appears  to  OTCrrnn 
it  from  the  scapula  rather  than  to  extend  into  it  frum  tho  coracoid. 
But  in  Nothoaaurun,  on  the  supposition  that  the  process  r  is  part  of 
the  precoracoid,  obviously,  ossification  hag  spread  into  this  from  the 
coracoid  and  not  from  the  scapula,  with  which  also  it  has  no  com- 
munity of  direction.  Next,  as  regards  the  supposed  identity  of  tbn 
nolch  n,  at  the  outer  side  of  the  process  x,  with  the  foramen  of  nerve- 
paxsBge  in  the  Lacertilian  coracoid.  This  in  all  lizards  I  have  examined 
with  particular  reference  to  its  position  is  situated  behind  and  usually 
slightly  towards  the  meuial  side  of  the  precoracoid  tract  or  process,  so 
that  the  homologous  noicli  in  the  Nothosaurian  girdle  is  to  be  sought 
at  x',  and  not  at  the  outer  side  of  x. 


Fio,  i— Left  half  of  ihoulder  girdle  ot  Igvaaa  labei 


But  it  we  were  to  concede  to  Professor  H.  G.  Seeley  the  presence 
of  a^re-coracoid  in  the  Nothosaorian  shoulder  girdle  joining  j:  and  x\ 
its  relation  to  the  coracoid  would  be  different  to  that  which  he  assignii 


242  Mr.  J.  W.  Hulkc.     On  the  Shoulder  Girdle 

to  it  in  the  Ichtbyosaurian  gii*dle  in  which  he  connects  the  mesial 
end  of  the  precoracoid  with  the  antero-internal  angle  of  the  coracoid  ; 
whereas  in  Nothosaurns  its  mesial  end  would  be  separated  from  that 
angle  by  a  wide  interval.  • 

That  the  process  x  was  tipped  with  cartilage,  and  tliat  the  part  of 
the  scapula  marked  x'  was  clothed  with  cartilage  is  an  inference  not 
drawn  by  H.  v.  Meyer  himseH  who,  from  a  study  of  several  specimens, 
says,  the  anterior  boi-der  of  the  process  x — **bietot  auf  seinem 
Vorderrande  Unebenheiten  dar,  welche  auf  ein  an  dieser  Stelle 
angebracht  gewcsenes  Band  schliessen  lassen ;  "  and  of  x  that  the 
border  is — *'  von  einer  BeschafFenheit  welche  vermuthen  lasst,  dass 
sie  mit  einom  Band  oder  Muskel  in  Beriihrung  gestanden  hat."* 

From  the  above  I  think  it  will  have  become  evident  that  the 
grounds  for  the  supposition  of  a  precoracoid  (cartilaginous)  in  Notho- 
saurus  are  insufficient  to  establish  this ;  and  if  so,  that  the  structare 
of  its  shoulder  girdle  as  regards  this  element  fails  to  support  the 
hypothesis  of  a  precoracoid  in  Ichthyosauria. 

G.  Baur  has  '*no  doubt  that  the  Ichthyosauria  possessed  a  small 
cartilaginous  sternum"  He  adds  **  the  whole  morphology  of  the 
shoulder  girdle  strongly  supports  this  opinion.'*!  I  am  pleased  to 
find  myself  in  accord  with  him  on  this  matter,  for  I  have  long  recog- 
nised the  great  probability  of  the  presence  of  a  cartilaginous  sternal 
plate  behind  the  coracoids.  I  also  have  no  doubt  that  the  Ichthyo- 
sauria had  a  cartilaginous  supra-scapula. 

In  connexion  with  the  hypothesis  of  a  precoracoid  in  the  shoulder 
girdle  o^  Notltosaurns  mirahilisy  the  small  Nothosanrid  Lariosaurus  Bal- 
sami  Gnrionl  deserves  notice.  Its  shoulder  girdle  contains  the  same 
elements  as  those  in  AT.  iinrahilisy  and  their  forms  and  arrangements  are 
similar,  the  chief  difference  being  the  absence  of  the  large  process  so 
conspicuous  at  the  anterior  margin  of  the  coi-acoid  in  the  latter.  In 
the  more  simple  form  of  this  bone  there  is  a  closer  resemblance  to 
Plesiosauria  than  is  shown  by  K.  mirabilis.  The  annexed  figure 
fixDm  C.  Zittel's  *  Pal.*  affords  the  means  of  comparison  of  the  girdles 
of  Lariosaurus  Balsami  with  those  of  Plesiosauiiis  and  iV.  mirabilis. 
In  an  npper  view  of  a  complete  skeleton  of  Lariosaurus  Balsami 
(original  in  Munich  Museum),  figured  by  C.  Zittel, '  Pal.,*  vol.  3,  p.  485, 
fig.  461,  the  dorsal  process  of  the  scapula  is  seen  in  natural  position 
above  the  glenoid  mass,  rising  with  a  strong  backward  slant  (d.pr.). 

In  Anarosaurus  pumiJin  (W.  Dames)  another  small  member  of 
the  same  family,  the  coi'acoid  also  has  a  simple  form,  and  its  anterior 
border  wants  the  process  characteristic  of  N.  mirabilis.  Again,  in 
Nensticosaurus  pusillus  (H.  G.  Seeley),  another  member  of  this  family, 

*  Mcjer,  H.  v.,  op.  c//.,  p.  45. 

t  Baur,  G.,  *  On  the  Pelvis  of  the  Testudinata.*  Boston,  1891.  Reprint  from 
the  *  Journal  of  Mt^rphology,*  vol.  4,  No.  3,  p.  34. 
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Fio.  5. — Shoulder  girdle  of  Larwsaunts  Balsami  Curioni  (Tentral  view).     Fjom 
Zittel,  op.  cit.f  S.  488,  fig.  462.     d.pr.,  doreal  process  of  scapula. 


the  relations  of  the  anterior  ventral  ray  and  scapula  are  in  principle 
identically  the  same  as  in  N.  mirahilis ;  the  anterior  ray  articulating 
with  the  scapula,  and  not  contributing  to  form  the  fossa  glenoidalis. 
The  coracoid,  however,  repeats  the  simpler  form  seen  in  Lariosaums 
Balsami  and  in  Anaro$auru8  pumilio. 

Thus  if  Macromerosaurus  be  only  a  young  example  of  Lariosaurus, 
and  if  Pachyplenra  is  Neiisttcosaurus,  as  C.  Zittel,  W.  Dames,  and 
some  others  suppose,  we  have  the  fact  that  none  of  the  family  of 
NothosauridoB,  unless  N.  mirabilis,  lend  any  support  to  the  idea  of  the 
existence  of  a  precoracoid,  but  rather  the  contrary  ;  and  those  points 
in  N.  mirabilis  which  have  been  cited  in  support  of  the  presence  of  a 
precoracoid  in  this,  and  so  in  Ichthxjosaurus^  are,  as  I  have  suggested, 
capable  of  other  and  simpler  explanation. 

Another  reason  assigned  by  Professor  H.  G.  Seeley  for  introducing 
a  cartilaginous  precoracoid  into  the  Ichthyosaurian  shoulder  girdle  is 
*'  it  brings  the  shoulder  girdle  of  Ichthtjosaurns  into  harmony  with 
that  of  the  Anomodontia,  because  they  correspond  in  the  form  of  the 
scapulse,  the  position  and  forms  of  the  clavicles,  interclavicles,  and 
coracoids ;  so  that  if  the  Anomodont  precoracoid  wore  unossified  the 
differences  from  Ichthyosaurus  would  be  small,  except  that  the  Anora- 
odonts  develop  an  epiclavicle  of  Labyrinth odont  type." 

The  principal  Anomodont  remains  available  for  the  comparison 
ai'e,  I  take  it  for  granted,  those  preserved  in  the  British  Museum, 
chiefly  from  African  sources.  They  include  several  dissociated  more 
or  less  imperfect  scapula)  and  coracoids,  of  which  the  more  important 
pieces  were  figured  by  R.  Owen  in  his  *  Catalogue  of  S.  African 
Reptilia,'  1876,  PL  69,  figs.  5,  6,  8,  9,  and  PI.  70,  fig.  1.  They  com- 
prise also  the  remains  of  FareiasauruSy  described  by  Professor  H.  G. 
Seeley,  '  Phil.  Trans.,'  B.  1888,  p.  59,  et  seq.,  PI.  20,  figs.  1,  2 ;  those 
of  Keirognathus  cordylv^,  described  by  this  author,  '  Phil.  Trans.,'  B, 
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186f),  PI.  7o,  p.  489  ;  and  those  of  Proeohphon,  described  by  the  same 
anthor. '  Phil.  TranH.,'  B.  1889,  p.  255,  PI.  9,  fig.  9. 

Now,  the  most  notable  character  ia  the  best  preserred  acapnia 
figured  by  R.  Owen  (fig.  1,  PI.  70,  op.  t.  c),  is  tho  large  process  at  the 
Tentml  termination  of  its  anterior  border  separated  by  adeep  notch  from 
the  corat-oid  articular  margin  of  the  bone  (fig.  6).   This  process,  tbongh 


Fm.    ij. — (ic!i[nila  urnl    prei-orucoid    reltrred    to    HU-i/iioilu.i    haiiicfpt.      Owm, 
'  S.  Afrit.  Krirt.,'  I'l,  70,  fig.  J .    p.-i.:,  preconiookl ;  ///,.  glenoid. 

termed  iicruniioii  by  U.  Owen  and  by  I>i-ofeHSor  H.  G.  Seeley ,  can  hardly 
be  regarded  as  boniologous  with  the  iicroniion  in  higher  Vertebrate, 
since  in  Dinjjiiodim  it  articnlates  Avith  the  pi'ccoracoid  and  not  with  the 
clavicle  (fig.  7).  A  similar  form  of  the  ventral  end  of  the  iicapnU  is  not 
infrequent  in  Anourous  Amphibia,  but  1  am  not  aware  that  sach  has 
yet  been  demonstrated  in  the  scapula  of  any  Ichthyosanrian.  lu 
Lieynodon  the  clavicles  are  not  known.  R.  Owfn  figures  (PI.  i9, 
tig.  8,  op.  rit.)  II  bone  associated  with  a  scapula  which  ho  considers 
intei'clavicle  of  KUteccplialm.  This  Professor  H.  G.  Seeley  inter- 
prets as  clavicle.  It  is  dissociated,  and  the  other  ventral  constituents 
of  the  shoulder  girdle  are  missing.  I  Kubniit,  therefore,  that  no 
fertain  information  of  the  ulavicle  is  derivable  from  this  specimen. 
In  I'areiasutinis,  the  interclavicle  and  the  clavicles  are  known,  but 
not  the  other  ventral  elements  of  the  girdle,  or,  at  best,  most  imper- 
fectly ;  nor  is  the  form  of  the  scapula  known.  In  Procolophon,  the 
interclavicle  is  well  shown  iu  the  specimen  figured  by  H,  G.  Seeley 
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Fto,  7,—  Si-upulii.  coracoid,  and  precoracoid  of  Dici/nodon  (sp.). 
Bept.,'  Fl.  Ii9,  flg.  a. 


(fig.  9,  PI.  9, '  Phil,  Trans,,'  B,  1889).  It*  form  differe  notably  from 
that  of  FareiatauTug  in  the  great  length  of  its  BUgittal  bar,  but  the 
clavicle  and  the  scapnla  are  not  known.  In  Keirognaihtit  cordi/lut 
(figured  by  Professor  H.  G.  Seeley,  '  Phil.  Trana.,'  B,  1890,  PI.  7S), 
the  clavicles  are  represented  by  email  d  i  scon  tin  uans  fragments 
of  donbtfal  interpretation.  Tbe  bone,  with  mnch  probability  in- 
terpreted as  iuterclavicle,  is  imperfect ;  its  relation  to  the  coracoide, 
precoracoids,  and  atemnm  are  nnnsnal.  The  coracoids  and  precora- 
coida  are  represented  only  by  impressions  in  the  matrix  to  which  bat 
vestiges  of  bony  tissne  remain  attached  :  and  the  scapnla  is  also  ex- 
tremely imperfect. 

I  submit,  then,  that  our  present  knowledge  oE  the  Anomodont 
shoulder  girdle  is  too  incomplete  to  serve  for  any  other  than  a  very 
general  comparison  with  that  of  IchfhyoiaaruB ;  and  I  venture  to 
think  that  at  present  it  is  insufBcient  to  warrant  the  conclusions  of  a 
close  agreement  in  their  etructural  details. 

I  pass  on  to  the  Plesiosanrian  shoulder  girdle.  Since  the  quali- 
fying prefix  inter-  in  interclavlcle,  and  epi-  in  epistemnm,  primarily 
denote  a  relation  of  position  and  not  of  genesis,  it  does  not  appear 
to  mc  a  matter  of  great  moment  which  of  these  names  is  employed, 
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and  I  do  not  find  any  fault  with  those  antlioi's  who  use  these  names 
indifferently  oa  synonyms  of  a  certain  piece  in  the  secondary 
shoulder  girdle.  1  prefer,  myself,  the  term  interclavicle,  since  Ootte's 
embryological  investigations  have  appeared  to  demonstrate  that  the 
piece  thus  denoted  is  a  derivative  of  the  mesial  ends  of  the  cl&violes. 
For  the  analogons  part  in  the  Amphibian  girdle,  since  W.  K.  Parker 
apparently  demonstrated  its  origin  from  the  epicoracoids  (and,  if  bo, 
it  is  not  the  morphological  eqnivalentof  the  Lacertilian  interclavicle), 
I  prefer  his  name  omosfemum,  which  has  the  convenience  of  imply- 
ing its  essential  difference  from  the  interclavicle. 

In  Plesioeaaria  the  (primary)  shonlder  girdle,  as  is  well  known, 
consista  of  a  dorsal  and  of  two  ventral  rays,  the  fo»ea  ijlenoirlalit  being 
seated  (approximately)  at  the  spot  whence  the  three  rays  diverge.  In 
addition  to  these  component  parts  there  are  others  which,  for  reasons 
to  be  presently  stated,  I  have  suggested  are  omosternalia;  if  such 
they  are  also  pai-ts  of  the  primary  girdle. 


Flo.  8.— Lett  halt  ot  primBiy  iliouldor  girdln  of  Pletioi 
From  photograph  of  apeoinien  in  Woodwanlian  Mumii 

Professor  H.  G.  Soeley,  however,  finds,  in  these  parts,  clavicles  and 
interclavicle,  a  view  whiiih,  if  established,  places  them  in  the 
secondary  girdle." 

Concerning  the  posterior  ventral  vay,  the  suggestion  that  it  may 
include  the  coracoid  and  also  the  precoracoid  element  has,  I  think, 
never  been  seriously  argued,  and  I  believe  that  all  romparatire 
anatomists  now  agree  in  regarding  it  iu  its  entirety  solely  as  coracoid. 

After  the  recognition  of  "the  large  flat  bone,"  by  Buckland,  as 
the  "  Btei'nnm  "  in  Ichlhyosauma,  and  after  its  con'espondcnce  to  the 
coracoid  in  Crocodilia  had  been  shown  by  Conybeare,  the  latter's 
identification  of  the  PleBioeanrian  coracoid,  when  soon  afterwards 
this  Sauropterygian  was  discovered  by  him  and  De  la  Beche,  almost 
necessarily  followed. t 

•  C.  Gcgcnbaur  tlenotea  by  prmnrp,  tlial  part  of  the  girdlo  wbich  it  preformsd 
in  cartilage;  anil  bj-  itfcoail/irit,  tliat  wliicU  otaiSvt  directly  from  membrane. 
t  Coiijbesre,  o]i.  lupra  cil. 
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The  significance  o£  the  anterior  Tcntral  ray  has  ever  been,  and  it 
still  is,  a  "  vexed  question."  I  regard  it  as  a  prccoracoid  preserving 
permanently  its  original  nnion  with  the  acapnia,  together  ivith  which 
it  shared  in  forming  the/o»fo  ghnoidalis. 

Frofeaaor  H.  G.  Seeley  connidera  it  part  ot  the  acapnia.  This  is 
plainly  shown  by  the  following  extracts  £i-om  his  paper: — "The 
acapnia  ia  a  etout  triradiate  bone."  "  In  Elatmosaurus  the  scapular 
arch  has  the  welt-known  form  with  the  scapnlte  meeting  in  tlie  median 
line  and  continuous  posteriorly  with  the  coracoids."  "  The  meaEore- 
ment  of  the  scapula  in  the  median  line  is  3J  inches."  "  The 
scapnlte  meet  in  the  nsnal  nsnal  way  by  a  median  suture."  "  The 
interclaricle  was  found  in  situ  resting  in  a  depression  between  the 
anterior  margins  of  the  scapnlte."  "  The  interclavtcle  is  wedged  in 
between  the  scapnlte." 

The  above  passages  prove,  I  submit,  that  their  author  rejects  the 
actually  dual  composition  of  the  bone  termed  by  him,  in  its  entirety, 
acapnia :  nor  is  the  significance  of  these  paesages  weakened  by  others, 
as  the  following,  in  which  the  bone  is  given  a  compound  name,  so  :— 
"  The  scapulo-precoracoid  appears  to  form  about  two-thirda  of  the 
wall  of  the  glenoid  cavity.''  "  It  is  these  preeoracoid  pyrtiont  of  the 
scapul/e  which  alone  meet  each  other  in  the  median  line."  That  these 
last  quoted  passages  may  not  be  nnderstood  as  implying  a  shade  of 
doubt  in  the  author's  mind  i-especting  the  genetic  oneness  of  the  ray 
he  calls,  in  its  entirety,  scapula,  appears  to  be  clear  from  the  follow- 
ing passage,  on  the  shoulder  gii-dle  in  certain  Plesiosauroids  : — -"In 
Elaimo$aurue,  Golymbosaurus,  Murtenosaurug,  and  tlieir  allies,  the  parts 
of  the  bone  which  meet  in  the  median  line,  and  are  in  contact  with 
the  clavicular  arch,  are  theoretically  precoracoid*  elements  which  con- 
nect the  scapulte  with  the  coracoida  "  {op.  supra  eit.). 

It  will  now  bo  my  endeavoui'  to  demonstrate  that  the  anterior 
ventral  ray  is  not  only  theoretically  (whatever  precise  significance 
attaches  to  this  term),  but  that  it  has  an  extremely  strong  claim 
to  be  regarded  aa  actually,  a  prccoracoid. 

I  shall  show  that  in  its  position  in  the  girdle,  in  its  relations,  and 
presumably  in  its  genesis,  it  corresponds  essentially  to  the  bone  that 
bears  the  name  precoracoid  in  extant  Amphibia  and  Koptilia. 

In  diecuBsing  the  homology  of  the  several  psrts  composing  the 
ahonlder  girdle,  we  should  ever  keep  before  us  the  elementary  fact 
that  the  primitive  shoulder  girdle  is  originally  one  cartilaginous 
"  coniinuwn,"  emitting  one  dorsal  ray  and  one  or  two  ventral  raya. 
The  dorsal  ray  is,  by  universal  consent,  known  aa  the  scapula  ;  where 
thei'e  is  only  one  ventral  ray  thi.s  is  by  nearly  all  comparative 
anatomists  known  as  coracoid ;  and  where  there  arc  two  ventral 
rays,  the  anterior  ia  designated  precoracoid  or  clavicle.  It  is  con- 
•  Ilalict  miDO. 
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sidered  precoracoid  by  C.  Gegenbaur,  Fiirbringer,  Hnxley,  W.  K. 
Parker,  and  others,  including  myself;  and  is  named  clavicle  by 
Gotte,  Hoffmann,  and  others,  their  followers. 

The  chief  argument  used  in  my  address,  from  which  Professor  H. 
G.  Seeley  quotes,  that  this  piece  in  the  Plesiosaurian  shoulder  girdle 
is  really  a  precoracoid,  is  the  very  close  agreement  noticeable  between 
the  Plesiosaurian  and  Testudinate  girdles,  a  correspondence  not  merely 
genera],  but  also  of  their  respective  parts;  so  that,  if  the  anterior 
ventral  i-ay  in  Testudinata  is  a  precoracoid,  this  affords  a  very  strong 
presumption  that  the  corresponding  ray  in  Plesiosauria  is  also  pre- 
coracoid. This  presumption  appears  to  me  to  amount  as  nearly  to 
proof  as  the  nature  of  the  comparison  of  these  parts  admits  ;  but  since 
Professor  H.  G.  Seeley  considers  **  the  evidence  insufficient  to  sustain 
the  interpretation,"  and  since,  on  re-examination,  my  former  conclu- 
sion is  confirmed,  I  shall  amplify  and  re-state  it. 

In  comparing  skeletons  of  fossil  with  those  of  extant  animals, 
absolutely  complete  proof  of  the  essential  identity  of  their  several 
parts  is,  in  particular  instances,  unattainable,  and  we  have  to  accept 
for  it  presumption  so  strong  as  not  to  allow  reasonable  doubt.  As 
regards  living  animals,  we  have  the  great  aid  of  embryology  to 
illumine  the  facts  of  the  mature  skeleton ;  but  this  valuable  aid  is,  if 
we  except  a  few  very  rare  instances  (e.gr.,  larval,  concurrent  with 
adult  forms,  as  in  the  Batrachial  fauna  of  the  Braun-Kohlen  formation 
of  Rhenish  Prussia),  wanting  in  regard  to  fossil  animal  remains, 
which  ai'e  so  often  fi-agmentary  and  otherwise  imperfect  and  incom- 
plete. 

In  Testudinata  it  is  a  matter  of  common  elementary  knowledge 
that  the  primary  shoulder  girdle  (primitively  a  three-rayed  cartilage, 
having  at  its  centre  a  hollow  for  the  reception  of  the  caput  humeri, 
the  fossa  ghnoidalis)  appears,  when  ossification  is  completed,  to  com- 
prise two  bones  only.  Of  these,  one,  the  posterior  ventral  ray, 
contributes  the  posterior  part  of  the  fossa  glenoidalis^  and  sends  an 
expansion  iuwards  towards  the  mesial  line  of  the  body.  It  is  by 
common  consent  coracoid,  and  it  requires  no  further  notice. 

The  other  bone  has  an  angulated  form,  of  which  one  branch  ascends 
to  be  attached  ligamentously  at  the  under  surface  of  the  carapace ; 
whilst  the  other  branch  bends  ventrally  inwards,  in  front  of  the 
j)Osterior  ray,  approaching  closely  that  of  the  other  side,  and  is 
mostly  attached  by  its  mesial  end  ligamentously  to  the  entoplastron. 

It  is  respecting  the  homology  of  this  (anterior)  ventral  branch  that 
there  remains  any  difference  of  opinion,  since  all  agree  that  the 
dorsally-directed  branch  is  scapula. 

As  already  mentioned,  these  two  branches  appear  to  constitute  one 
bone,  which  meets  the  coracoid  in  the  glenoid  mass,  and  with  the 
coracoid  forms  the  glenoid  fossa.      Of   this  hollow  the  apparently 


IM  Ichthi/omuria  ami  Sauropterjftjla. 
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Fig.  11.^ — Slionldrr  ginlle  of  Emiit  Eariipttii.  O.  fai.,  obturntur  fimciai  f-P-'^-t 
I'oranicn  for  nnre,  From  ilulTiiiBiin.  BroNii'i '  £kut:n.  Kept.,'  IJd.  1,  T&f.  S, 
llg.7. 

flingle,  angalated  bone  fonus  tlie  iippci-  or  the  antei-ior  paft,  the 
coracoid  fnmishing'  tlio  posterior  part. 

Professor  U.  G.  yeelcy  sajk,  in  bis  rectnt  paper,  "  Tlici-c  is  no 
conclnsire  evidence  of  the  iimtual  relations  of  tbo  Hcapulo-precoracoid 
to  the  glenoid  eavity  in  Cbcloiiia."  If  by  tliis  he  means  tliat  no 
evidence  existn  to  bLow  whether  one  only  or  botli  of  the  componeuts 
of  the  apparently  single  bone  he  thus  designates  enter  into  the  coni- 
position  of  the  glenoid  fu^sa,  this  statemi^nt  is,  I  venture  to  tinbmit, 
£carccly  jastifiable,  in  view  of  the  I'nibryologienl  iuvfstigations  of 
that  extremely  eaveful,  painstaking  observer,  H.  Riithke,  who, 
'writing  of  the  Testudinale  fihimlder  i;ir<lle,  sayB :  "In  the  anterior 
piece  (?.e.,  the  nuited  acapnia  and  nii-.LcoidJ,  however,  I  found  in  the 
otnbryo  of  Cheleuia,  and  in  the  young  of  Chelottiu  imhricoUi,  Trionyx 
OangeHcitu,  and  Tcnuiwnc  Iriaiiiti'ilus.  that  each  limb  had  a  particular 
bony  sheath,  and  that  the  two  sheatlis  were  nowhere  confluent,  bot 
only  at  one  side  of  tlie  angle  which  tlie  two  limbs  composed  they  liad 
very  closely  appi'oached  one  another;  whereas  at  the  outer  side  of 
tbis  angle  they  were  t>till  diiititnt  from  eiioh  other,  and  the  entire 
process  projecting  fiimi  tlie  lattei'  (the  angle),  and  whifh  eontained 
the  joint-hollow  consisted  only  oE  enrtiluge."  '■  In  the  youag  l^jihargis 
the  two  bony  .sheaths  had  reached  one  jinotljer  at  the  inner  hide  of 
the  angle  formed  by  the  two  limbs  of  the  anterior  shoulder  piece,  iind 
had  here  coalesced,  Ipiiving,  however,  still  uncovered  the  unter  side  of 
the  angle  and  the  articular  piucess."* 

Fram  these  observations  of  H.  Jiathke,  made  in  different  families 
of  Tesiudiiiaia,  which  are  in  aceurd  «itli  an  obsei'vatiou  long  pre- 
vionety  made  by  Cuvier  in  a  very  young  ('heloiua,  it  may  very  fairly 
be  assumed  that  in  this  order  generally  ossificatioii  begins  scpai'ately 


"  HuHikr.  H.,  '  U.-ler  di,.  KnI 
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in  each  of  the  two  branches  coroposiog  the  apparently  Bingle  bone  in 
the  mature  girdle,  and  the  apparent  oneness  of  the  bone  when  ossifi- 
cation is  complete  is  due  to  the  coalescence  of  the  two  bony  masses. 
Further,  as  a  resuU  of  his  investigation,  H.  Rathke  knew  that  the 
anterior  ventral  ray  enters  into  the  constitution  of  the  glenoid  fossa, 
for,  in  his  discussion  of  its  homology,  he  says :  *'  Certainly  it  would 
be  a  very  peculiar  circumstance  for  Testudinata  in  connection  with 
this  view  (viz.,  that  this  ray  is  acromion)  that  in  them  the  acromion 
also  takes  a  share  in  the  formation  of  the  hollow  of  the  shoulder 
joint."* 

This  places  it  beyond  doubt  that  H.  Rathke  found  each  of  the  two 
rays  of  the  **  anterior  bone  '*  of  the  Testudinate  shoulder  girdle 
entering  into  the  composition  of  the  glenoid  fossa. 

Now,  the  separate  ossification  of  each  of  the  branches  of  the 
"  anterior  bone,"  and  the  contribution  by  each  to  the  glenoid  fossa, 
constitutes,  I  submit,  a  sufficient  warrant  for  assigning  to  each  equal 
morphological  value,  so  that  if  one  branch  (the  dorsal)  is  scapula, 
the  claim  of  the  other  to  be  precoracoid  (clavicular,  Gotte)  cannot  be 
contested. 

I  repeat,  between  the  Plesiosaurian  and  the  Testudinate  girdle 
there  is  an  extremely  close  correspondence :  each  is  three-rayed,  each 
has  a  dorsal  ray,  each  a  posterior  ventral  ray,  and  each  an  anterior 
ventral  ray.  In  Testudinata,  each  of  these  three  rays  contributes  to 
the  glenoid  fossa ;  and  in  the  Plesiosaurian  girdle  no  evidence  has, 
so  far  as  I  know,  been  adduced  to  disprove  a  similar  composition  of 
this  fossa. 

Without  embryological  study  we  had  not  certainly  known  whether 
either,  to  the  exclusion  of  the  other,  or  both  together,  of  the  two 
branches  of  the  "  anterior  bone  "  in  Testudinata  helped  to  form  the 
glenoid  fossa,  since,  when  ossification  is  complete,  synostosis  is  so 
perfect  that  no  trace  of  earlier  sepai-ateness  remains. 

Stannius,  indeed,  mentions  a  skeleton  of  Emys  in  the  Berlin 
Anatomical  Museum,  in  which,  on  the  left  side,  the  anterior  ventral 
limb  is  suturally  united  with  the  ascending  limb  (scapula).  This, 
however,  has  been  most  obligingly  re-examined  for  me  by  Professor 
Dr.  W.  Dames,  with  the  result  that  he  finds  the  appearance  of  a 
suture. ambiguous  and  suggestive  itither  of  an  accidental  crack, 
so  that  this  specimen  has  not  the  importance  previously  attached 
to  it.f 

In  each  of  the  two  girdles  under  consideration  the  homology  of  the 
posterior  ventral  ray  is  universally  acknowledged  to  be  identic — each 
is  coracoid ;    and  that  of  the  anteiior  ventral  ray  cannot,  I  think, 

*  Rathke,  H.,  *  Uober  die  Entwickelung  der  Schildkrdten/  p.  138. 
t  I  am  glad  to  take  this  opportunity  of  expre88ing  iny  acknowledgment  to  Pro- 
fessor W.  Dames  for  his  assistance  kindly  rendered  me  in  this  matter. — J.  W.  H. 


ill  Iclithyoaanrla  and  Sanroptert/ijia.  251 

reasonably  be  doobted— -each  is  prccoracoid  (clavicula,  Gotte).  In 
TeBtndin&ta  all  accept  the  doraat  v&y  as  repi-euonting  the  blade  oE  the 
Bcapnla  in  other  Beptilia ;  but  in  PleHiosauria  the  analogous  doi-^al 
r»j.  Professor  H.  G.  Scelej  contends,  is  not  an  homologous  stnietni-e. 
Were  it  bo,  then,  obvionaly.'the  agreement  of  the  two  girdles  in  regard 
to  this  element  would  bo  serionsiy  compromised. 

The  g^nnd  on  which  Professor  H.  G.  Seeley  rejects  the  idea  that 
the  dorsal  proccns  in  the  Plesiosaurian  girdle  is  homologous  with  the 
dorsal  raj*in  the  TcRtndinate  girdle,  is  stated  by  him  in  the  following 
pass^e ; — "  In  Clielonians  the  ascending  process  of  the  sicapula 
extends  dorsnlly  towards  the  vertebne,  while  in  Sauroptci'Vgia  it 
extends  backwards  ubovu  the  glenoid  articulation  for  the  humerus, 
and  there  is  no  evidence  that  these  strnctiii-es  are  homologous"  (<■/, 
'  Roy.  Soo.  Pi-oc.,'  vol.  51, 18S3,  p:  122). 

It  is  manifest  from  this  that  the  backwaiil  slant  of  the  Plesiosanrian 
dorsal  scapular  proci'sa  is  PiofcssorH.  G.  Seeiey'a  chief  {and  only  stnted) 
reason  for  rejecting  its  homology  with  the  Chelonian  gliouldcr  blade. 
Can  this  reason  he  accepttd  as  a  sufficient  warrant  for  such  rcji'ction  V 
In  Birds,  does  not  the  long,  aword-liku  shoulder  blade  slant  yet  more, 
bending  backwards  above  and  behind  the  glenoid  fossa, in  a  direction 
ronghly  parallel  with  that  of  the  vertebi'al  eolnmn  't  In  his  restora- 
tion of  the  Anomodont  Kvirogtiathua  eorili/lue,  bus  not  Pnifessoi-  H.  G. 
Seeley  given  the  shoulder  blade  a  forward  inclinaiion  so  great  as  to 
carry  its  fi-ee  end  so  far  in  advance  of  the  glenoid  fossa  as  to  bring 
it  against  the  centrum  of  the  second  vertebra,  while  a  plane  laid 
thi-oogh  the  glenoid  fossa  passes  between  the  Bcventh  and  eighth 
vei-tebite?  Yet,  notwithstanding  this  excessive  forward  slant,  Pro- 
fessor H.  G.  Seeley  names  it  scapula.  Between  these  extremes,  every 
degree  of  slope  i.s  obsurvable,  so  that  if  the  main  fact  of  general  dorsal 
direction  above  the  glenoid  foiBa  be  present,  thijt  seems  to  me  emiagh 
to  justify  its  identification  as  shonlder  blade,  and  therefore  to  warrant 
it  and  the  Chelonian  shoulder  blade  being  considered  homologous 
stractnres. 

Shonid  any  one  still  find  difficulty  in  accepting  the  dorsal 
Plefiosaurian  process  as  shoulder  blade,  by  i-eason  of  the  somewhat 
singular  position  whence  it  ascends,  as  homologous  with  the  ascending 
part  of  the  Ti:stuili>iate  scapula,  he  will  find  an  intermediate  step  in 
the  Nothosaurian  scapula  where  the  cones  ponding  dorsal  process* 
ascends  directly  from  above  thi'  glenoid  fossa. 

In  other  Xothosauridie,  p.g..  in  Lariuit-itiriis.  Cuvier,  Xfuslicomiirua, 
Seeley,  to  which  i-efcroneo  has  been  already  made,  the  position  of  the 
■■opt  of  the  doi-sftl  scaptilar  pi-ocess  corresponds  to  that  in  X.  minihilif. 

Were  the  part  in  the  Plesiosonrian  shoulder  girdle,  which  1  call 
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precoracoidj  actually  scapula,  as  Professor  H.  G.  Seeley  deems  it  to 
be,  it  must  be  either  acromion,  or  preseapula.  The  former  wa» 
Conybeare*s  idea ;  but  Cuvier  pointed  out  this  involved  an  extension 
of  a  scapular  process  mesially  inwards  towards  its  fellow  of  the  other 
side,  a  construction  not  known  in  any  Vertebrate ;  and  the  same 
objection  lies  against  a  prescapular  interpretation. 

An  objection  that  might  be  advanced  against  homologising  the  dorsal 
process  in  the  Plesiosaurian  shoulder  girdle  with  the  Testudinate 
shoulder  blade,  is  that  it  does  not  ascend  so  immediately  from  above 
the  glenoid  fossa  as  does  the  latter.  This  is  true,  but  I  offer  the 
suggestion  (for  what  it  may  be  worth)  that  the  clue  to  this  difference 
lies  in  the  dwarfing  of  this  process  in  Plesiosaurus ;  whilst  the  growth 
of  the  precoracoid  has  been  relatively  rapid,  with  the  effect  of  carrying 
forward  with  it  the  free  pro^^ess  of  -the  scapula,  which  gives  to  that 
part  of  the  "  anterior  bone  *'  somewhat  the  semblance  of  a  third  process. 
In  connection  with  this  it  should  not  be  overlooked  that  in  Testudi- 
nata  before  ossification  of  the  shoulder  girdle  is  complete  that 
part  of  the  glenoid  mass  of  cartilage  which  belongs  to  the  scapula 
and  precoracoid  stands  off,  process-like,  from  the  angle  which 
marks  the  junction  of  the  two  components  of  the  "  anterior  bone," 
thus  presenting  a  slight  i*esemblance  to  that  which  obtains  perma- 
nently in  Plesiosauria, 

There  remains  for  discussion  the  homology  of  the  bony  piece  or 
pieces  which  I  have  suggested  may '  be  omostemal,  but  which 
Professor  H.  G.  Seeley  contends  are  clavicles  and  interclavicle. 
They  lie  upon  the  upper  or  visceral  aspect  of  the  precoracoids 
(Professor  Seeley),  therefore  within  the  outer  bony  frame  of  tho 
chest;  and  only  to  an  extent  varying  in  different  genera  in  a 
ventral  view  are  they  visible  between  the  anterior  mesial  ends  of 
hese  bones  (precoracoids  mihi),  in  advance  of  the  coracoids,  above 
and  behind  the  antero-intornal  angles  of  which  they  are  produced 
backwards  to  an  extent  hidden  in  most  skeletons. 

In  Flesiosaurus  (type)  they  form  a  plate  which  is  more  exposed, 
in  a  ventral  view,  than  in  Pliosaurus  (R.  Owen)  in  which  only  a 
very  small  part  of  the  omosternum  is  apparent  in  the  vacuity  between 
the  antero-internal  angles  of  the  coracoids  ;  whilst  in  Cdlymhosaunat 
(H.  G.  Seeley),  the  omosternum,  if  it  exist,  is  completely  hidden  by  the 
precoracoids  (Professor  Seeley).  Fig.  12,  p.  447,  *  Geol.  Soc.  Quart. 
Joiirn.,*  1874. 

It  was  this  undisputedly  deep  position  of  the  elements  in  question, 
unknown  as  regards  intorclaviclc  and  clavicles  in  any  other  Verte- 
brata,  that  weighed  with  me  against  accepting  the  interclavicular 
hypothesis  held  by  several  previous  writers  :  for  I  then  knew,  and  I 
still  know,  no  Vertebrate  skeleton  in  which  an  interclavicle  is  thus 
deeply  situated  under  cover  of  the  other  bones  of  the  pectoral  frame. 
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ProfcBBor  H.  (J.  Seoley  certainly  hiw  since  represented  the  inter- 
clftvicle  BB  in  part  covered  bj  the  steraum  in  Keiroijnathiu  eoriijhit* 
but  I  venture  to  suggest  that  in  the  Hpecimen  the  appeai-atice  is  not 
wholly  free  from  ambignity,  and  that  its  damaged  condition  makes 
confirmation  of  so  eingnUr  a  deviation  from  the  asaal  relation  of  in- 
terclavicle  and  sternam  very  deeirable. 

Tt  wan  its  deep  position,  together  with  eviilenoc  sugrgestive  of  a 
composite  origin,  which  led  me  to  nnggest  t)mt  this  piirt  ur  parts 
might  be  omosternal,  since  in  certnin  Anoura  Professor  W.  E. 
Parker  had  fonnd  an  omostcninm  (Ibrmed  by  the  fasion  of  two 
symmctnc  halves,  each  segmeutcd  off  fi'om  the  epicoracoid)  produced 
above  and  behind  the  anterior  border  of  the  precoracoiils,  anil  than 
oconpying  a  precisely  Bimilar  position  to  that  occupied  by  the  Imne 
or  bones  la  PJeEiodauria.  Professor  H.  G.  Seeley's  statenient  that  I 
regarded  this  bone  as  indivisible  is  a  miscunoeption,  if  it  is  intended 
to  convey  that  I  denied  it  a  dnal  origin,  since  in  ray  flddresa  I  dis- 
tinctly say,  "  Some  exampleB  show  traces  of  a  primitive  composition 
of  two  similar  halves. "t  I  have  now  before  me  a  drawinft  of  such  a 
Fleaiosanrian  omostemnm  (dated  Jane  11',  IS^O)  wliich  [  made  of 
a  specimen  in  the  Cambridge  Musenm.  In  its  present  form— the 
postero-extai-nril  angles  are  missing — it  is  an  oblong  plate,  measuring 
tiunsversely  4-1 1  ins.,  and  3  ina.  iu  its  an tero -posterior  extent  along 
tbe  mesial  line  where  are  distinct  indications  of  a  Bntnre  showing  its 
formation  by  the  junction  of  two  halves.  That  which  [  reganl  as 
the  anterior  border  has  the  mesial  notch  seen  in  somo  PlRsiosaui'ia, 
The  sweep  of  the  posterior  border  is  broken  by  a  projection  formed  by 
the  backward  extension  of  the  postero-internnl  angle  of  each  of  the 
two  halves. 

The  form  of  the  omostei-nalia  evidently  varied  in  different  genci-a, 
and  it  is  the  opinion  of  A.  Jjoeds,  Esq.,  who  has  an  excellent  know. 
ledge  of  Enaliosaarian  remains,  that  it  vaiiod  also  with  age.  Ati 
azygos  omnsternal  piece  which  I  saw  in  his  oolleclioii  at  Eyebnry, 
in  18^3,  was  a  mmlei'ately  thin  plate,  having  the  outlines  of  an 
iaosc<!les  diangle,  the  base  of  which  mciianrud  UO  cm.,  and  the 
height  11-3  cm.  Its  apex  wa.4  rounded  off.  and  its  base  slightly  in- 
curved. In  the  diieotion  of  a  perpendicular  from  the  apex  on  the 
base,  and  also  transversely  to  this  direction  Hie  tigui-e  was  slightly 
curved,  which  gave  a  gentle  concavity  to  that  su  if  nee  which  I  con- 
jectured to  he  upper. 

Two  omostornalia,  a  pair,  belonging  to  another  skeleturi,  had  the 
form  of  scalene  triangles.     Of  the  more  perfect  of  the  two  the  base 

•  •  Plii!.  Trans.,'  B.,  1883,  p.  494,  Fig.  3.  (P.  493,  line  A  trmn  buttoiii,  Stcriiutn, 
the  wordH  "«o  fnr  as  to  antUrlap  the  [nnteriiir  bonU'rj  of  .tl'oconicoici,"  show  tlii» 
"  Reatorution"  to  bo  on  inferior,  or  tpnlral,  view). 

t  Hulke,  J.  W.,  p.  48,  '  Proc.  Gcol.  Sou.,'  Pn.>iidenH:i]  A-ldrrai,  1993. 
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was  6*7  cm.  and  the  lieight  9  cm.  I  have  not  yet  found  conclusive 
evidence  of  the  coexistence  of  such  a  pair  and  of  an  azygos  piece  in 
any  of  the  Piesiosaurian  remains  in  the  British  Museum,  and  I  have 
thought  it  probable  that  the  azygos  condition  was  a  later  stage 
reached  by  the  fasion  of  the  paired  elements  as  happens  in  the  an- 
alogous case  of  the  Anourous  omostei*num. 

Mr.  A.  Leeds,  however,  assures  me  that  he  possesses  one  instance 
of  such  association  of  two  lateral  and  a  median  piece,  which  he  had 
placed  for  examination  in  Professor  H.  G.  Seeley's  hands.  Such 
association,  if  established,  would  not,  however,  prove  the  three  pieces 
to  be  not  omosternalia  but  clavicular, 

Gotte  has  shown  that  in  Reptilia  the  interclaviclc  arises  by  the 
coalescence  of  a  piece  segmented  off  from  the  mesial  ends  of  each 
clavicle.  In  Anoura,  Parker  has  shown  that  the  omosternum  is  formed 
by  the  fusion  of  two  pieces  segmented  off  from  the  anterior  extremi- 
ties of  the  epicoracoids  ;  in  this  instance,  if  a  remnant  of  each  lateral 
segment  retained  its  distinctness,  there  would  be  a  perfect  accord  in 
the  pnnciple  of  the  construction  of  the  omostemai  and  clavicular 
parts. 

By  Professor  H.  G.  Seeley  the  thinness  and  the  surface  texture  of 
those  pieces  is  considered  decisive  of  their  being  oiiginated  by  the 
ossification  of  membrane  (not  of  cartilage),  an  origin  which  he  re- 
gards as  decisive  of  their  being  clavicular  aiid  interclavicular^  and  as 
outweighing  the  anomaly  of  their  **  visceral  position."  It  is  possible 
that  they  are  membrane  bones,  but  this  is  not  yet  absolutely  certain ; 
whilst  their  deep  position,  unknown,  if  clavicular  pieces,  in  any  other 
Vertebrate  skeleton,  is  not  disputed.  I  submit,  then,  that  the  weight 
of  evidence  is  still  in  favour  of  an  omosternal  homology. 

Professor  H.  G.  Seeley  argues  that  these  bones  cannot  be  (ymoster^ 
7iaUa,  because  in  every  existing  animal  which  has  an  omosternum  a 
sternum  also  is  present,  but  in  no  Sauropterygia  is  thei*e  even  any 
trace  of  a  sternum.  The  usual  association  of  omosternum  and 
sternum  may  be  perfectly  true,  but  since  the  genesis  of  these  two 
parts  is  perfectly  distinct,  one  being  a  derivative  of  the  epicoracoids, 
the  other  a  derivative  of  the  costoe,  the  presence  of  a  sternum  is  not  a 
necessary  antecedent  of  that  of  an  omosternum.  Moreover,  though 
no  objective  evidence  of  a  sternum  in  Plesiosauridae  has  been  pre- 
served, the  whole  homology  of  the  pectoral  girdle,  and  the  high 
degree  of  development  of  the  abdominal  ribs  makes  the  existence  of 
a  cartilaginous  sternum  a  very  probable  circumstance  Such  sternum 
might  not  imprint  any  trace  of  cartilaginous  attachment  or  other 
mark  of  articulation  on  the  postero-intemal  parts  of  the  coracoids, 
since  their  articulation  with  it  might  be  simply  diarthrodial,  much 
as  in  Lacertilia,  in  which  the  border  of  the  coracoid  is  simply  received 
in  a  corresponding  groove  in  the  sternum. 
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]ProfesBOTH.  G.  Seeley's objection  to  the  importation  of  the  Amphi- 
biui  plan  in  explanation  of  a  part  of  the  Plesiownrian  shonlder  girdle, 
of  which  other  parts  hare  been  explained  by  reference  to  the  Ghelonian 
plan  of  oonstmctloD,  has  not,  I  venture  to  think,  ^reat  weight,  aioce, 
of  the  earl;  Beptilia,  from  the  time  when  their  remains  first  began 
to  be  itadied,  it  has  been  a  frequent  remark  that  their  skeletoni 
oomprise  stmctnrat  arrangements  which,  in  existing  animals,  are  now 
found,  separately.  Moreover,  it  ia  thought  by  some  of  the  ablest 
oomparative  anatomistB  that  the  Cbelonian  skeleton  shows  closer 
approach  to  the  Amphibian  than  ie  to  be  fonnd  elsewhere. 
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(Absti-act.) 
1.  The  object  of  the  present  paper  is  to  show  bow  to  determine 
expressions  for  the  cnrrcnt  in  circuits  having  iron  cores,  similar  to 
the  well-known  equations 


i  =  ^(i -.->«■■) 


and 


for  circuits  without  iron,  wbich  will  enable  the  current  cnrves  to  be 
pre-determined  by  calculation  and  plott«d  independently  of  experi- 
ment. 

In  circnits  with  ir 


the  valne  of  -y  occnrring  in  the  original 


differential  equntions 


dt 


m. 


(1). 
(2) 


continually  alters  as  i  changes.  If  we  could  obtain  an  expression  for 
-j-  in  terms  of  i,  the  sobetitation  of  this  expression  in  (1)  and  (2) 

ahonld  lead  us  to  the  required  resnit.  Bnt,  though  such  an  expres- 
sion can  be  found,  its  sabstitation  will  generaUy  lead  to  difFerential 
equations  which  cannot  be  solved  by  known  methods. 

2.  In  the  case  represented  by  (1),  where  the  applied  E.K.F.  ia 
constant,  we  can  determine  by  Lagi'snge's  formula  of  interpolation 
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the  eqnation  to  the   (B,   H)  curve    of   the    particular  core  nnder 
considoratioD.     This  will  be  of  the  form 

B  =  ao-faiH-faaIP-f  .... +a,H« (3), 

where  n  is  one  less  than  the  nnmber  of  observed  simnltaneous  valnes 
of  B  and  H  from  which  the  eqnation  is  calculated  ;  whence 

^  =  a.Lg+2a,L'4!+  •  •  •  •  +»»a.L-t-^   (4), 

at  at  at  at 

and  substituting  in  the  equation 

E-^  =  R.- (5), 

we  get 

aiL  -h  2  aJM + 3  ajLH^  +....+  na^L^i""*    . .        .^  .^. 
^_^ di  =  dt  ....    (b), 

which  is    easily  integrable ;   and   integrating  between   the   proper 
limits  we  get  after  reduction 

E      / 1  E  E'  E«"*  \ 


/ 1  E  E'  E«-*  ^ 

—  &c.,  to  7i  +  l  terms (7). 

Tlie  corresponding  equation  when  the  E.M.  h\  is  removed  and  the 
current  is  dying  away  is 

R      ^Ri 

+±/2/,P  J+i3/3Pg  +  j4/,L*^+  ....  +J-  nfnh»^] 

-~(2/M>i3/3W+i4/4L*.^+....+--^  ..  (8), 

the  /i,/2j/3,  &c.,  being  the  coefficients  of  the  powers  of  H  in  the 
equation  to  the  descending  (B,  H)  curve,  which  is,  of  course,  different 
to  the  ascending  curve. 
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3.  This  method  is  not  applicable  to  tbc  case  in  which  the  impressed 
£.M.F.  is  sinasoidal,  on  acconat  of  difficnltiea  of  integration.  But 
both  caset)  caq  be  treated  in  another  way  : — Take  a  series  of  points 
on  the  (B,  H)  cnrve  of  the  iron  core,  snch  that  the  chorda  joining  tbem 
practically  coincide  with  tho  curve  itself.  Let  I).,  II,  imd  li,^ ,,  Hi4 , 
he  the  coordinates  of  two  consecutive  point:^.  T)ie  equation  to  the 
cnrve  between  these  points  is  approximately 

ll  =  .»,+  ,H  +  coi.8tant (9), 

.  B.+i-B, 


and  therofore  betwct 


(10). 


■t  which  the  cnrrent  has  the  known  values  0, 


During  the  time  that  tho  current  rises  from  t,  to  »,+i,  and  B  and 
H  rise  from  B,  and  H.  to  Bi  +  ,  and  H,+i,  and  (  riaos  from  /,  to  /.n, 
we  have 

b-»»,+.l^  =  r; ai), 

and  therefore 

.„,  =  «.+2i*.og^£^  (1-^), 

which  is  tme  to  a  very  close  approzimfttion  for  any  simultaneous 
valnes  of  t  and  i  between  the  above  limits.  From  this  equation, 
since  U  and  tgare  both  zero,  we  can  determine  in  succession  the  times 
"■ft *c, 

using  that  value  of  m  which  applies  to  that  particular  value  of  H 
under  consideration.     In  this  way  the  current  curve  can  be  plotted. 
On  making  E  =  0  in  the   original    differential   equation,    and 
obBerving  the  proper  limits,  we  get 

'"■  =  '-+Tr^''>«ife; '^'> 

as  the  equation  to  the  curve  representing  the  dyinjT  away  of  the 
cun-ent  when  the  E.M.F.  is  withdrawn;  m„,  m,+,  being  dot«rniiaed 
from  the  descending  (B,  H)  carve. 

Fig.  1  and  Table  I  give  the  results  of  calculation  for  a  oireuit  wilh 
the  following  constants: — Renlstjince,  1  ohm;  E.M.F.,  OliJli)  volt; 
self-induction  (without  iron  core),  O'OOOl  henry. 
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Table  I. 


A««.diBg. 

DttMiidmg. 

Cnrrent. 

Timo. 

Cufwat. 

■nme. 

O-OIOO 

0  00028 

0-43160 

0-000000 

O'OaOO 

0  00096 

o-2<aeo 

0-000236 

0-OSTO 

0-00928 

0-lWGO 

0-0007(18 

O'OMO 

0  01026 

0-14060 

0  001460 

O-080O 

0-01649 

0-08260 

0-008036 

0  0626 

0  02289 

0  04600 

0  007670 

0  1076 

O-0S696 

0  02700 

0-020009 

0-MOO 

0-03100 

0  -01775 

0  030880 

0-lBOG 

0  0S4W 

0  00026 

0-i68B 

0 -03768 

0-00476 

0-101070 

0-8646 

0  •04018 

0  00126 

0-186770 

O-B760 

0-OU60 

0-00000 

O'ssre 

O'ouoe 

0'«KIO 

0-04878 

O-ilSE 

0-04367 

0'4SI6 

* 

4.  Wben  the  impressed  E.M.F.  is  sinoBoidal,  we  substitute    for 
dBjdt  in  the  equation 

E,i,,pl-'^  =  Ri   (14), 

having  determined  the  various  values  of  dB  feU,  as  in  the  foregoini;. 
As  by  the  present  method  the  value  of  m  cb&nges  abruptly  from 
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Ma  to  iMjc+i,  we  must  employ  the  general  solatioa  of  (H),  which  for 
the  interral  f,,  f,+i  ie 

'=y(B-+^...VF)'"('"-°-")^-^-'"-"-"'--  ('»)• 

in  order  that  tlie  Dmrent  at  the  commencement  of  the  interval 
tn  U+i  may  h&ve  the  same  ralae  which  it  had  at  the  end  of  tbe 
interval  tM-iU-     The  complementary  fnnction 

enablea  na  to  ensnre  thia  condition ;  for,  by  taking  the  constant 
A«+i  of  anch  a  valne  that  equation  (15)  is  satisfied  when  t  =  /,  and 
t  =  it,  there  ia  no  abrupt  change  in  the  current.  The  complemeiitary 
fnnction,  in  fact,  represents  the  gradual  dying  away  of  whatever 
flxceas  or  defect  of  ouiTent  there  would  bo  in  the  circuit  when  m 
changes. 

Equation  (15)  ia  tme  for  all  valnes  of  t  between  t.  and  u+i ;  and, 
therefore,  enables  na  to  find  the  time  t.+i  at  which  the  cutTL-nt 
attains  the  known  valae  H.+i/L. 

By  changing  e  iuto  c  +  1  we  obtain  similarly  the  time  f^+i  at 
,  which  the  cnrrent  has  the  value  Hi^j/L,  and  so  on. 

Thns  the  determination  of  t,^t  is  made  to  depend  upon  t,,  and  in 
order  to  wake  a  start  wo  must  assume  that  tlie  value  of  i  in  known 
■!6r  abme  definite  valne  of  t.  Wlien  the  nnmber  of  alternations 
per  second  is  not  great,  it  is  not  of  much  consequence  what  assunip- 
tion,  within  reason,  is  made,  as,  thongh  the  calculated  cui'ves  will 
TUj  with  the  assnmption  made,  they  will  all  eventiially  merge 
into  tbe  true  periodic  cnrrent  curve  at  8ome  point  which  will  he 
exhibited  when  t\ie  first  evanescence  of  Aa"'*''"'^  takes  place. 

As  this  complementary  function  is  a  continually  decreasing  qunn- 
Wty,  it  becomes  negligible  when  it  is  allowed  time  enough.  This 
opportunity  is  afforded  when  tbe  straighter  portions  of  the  (B,  H) 
onrre  are  reached,  and  whcio  the  points  on  the  carve  can  be  taken 
farther  apart. 

When,  however,  the  period  of  alternation  is  short  in  comjtiirison 
with  the  time-constant  of  the  circuit,  the  evanescence  of  Ae"*'""'- 
doee  not  so  readily  take  place;  and  it  will  generally  take  several 
cyclea  before  the  current  shakes  down  into  its  truly  periodic  form. 
The  pi-eliminary  assumption  ought  therefore  in  such  cases  to  be 
made  with  care  if  it  is  desired  to  avoid  the  labour  of  calculating  the 
first  cycles.  But,  if  the  periodicity  is  quick  enough,  Ae""''"''  can  be 
taken  as  a  constant,  at  any  rate  dnring  the  shorter  intervals. 

Fig.  2  gives  the  plotted  cuive  calculated  for  a  circuit  consisting  of 
-66&--tnrBs  surrounding  an  anchor  ring,  having  a  coefficient  of  self- 
indnctiou  (without  tbe  core)  of  00004  heniy,  and  a  resistance  of 
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1  ohm.  The  impressed  E.M.F.  is  12*5  volts.  The  periodicitj  is 
■low,  being  6  cycles  per  second,  and  tbe  tme  periodic  cnrre  is  seen 
■o  appear  before  the  end  of  the  first  hfJf  period.  Curve  A  is  calca- 
Uad  with  the  preliminary  anppOBitioii  tliat  t  =  0  when  t  =  0,  and 
Carre  B  os  the  asBiiinption  that  i  =  0  when  pt  =i  6,  neither  of  which 
ia  ifarietlj  correct. 
.  Tig'  S  gives  the  (B,  H)  cnrve,  and  Table  III  the  observations 
Vpon  which  it  is  based,  of  the  iron  core  under  consideration. 

6,  The  method  of  this  paper  can  be  applied  to  the  pre -determination 
of  the  onrves  of  the  primary  and  secondary  cnrreDta  in  tmiisforraers 
•■d  of  the  curve  of  mt^netic  induction  with  regard  to  time. 

[For,  when  there  is  supposed  to  be  no  magnetic  leakage  in  the  core, 
tin  ozpreaaionB  for  the  primary  and  secondary  currents  are — 


Where  tan  e  -  „^ias=+^.pS,^i/(^.B+»,»S) ' 
tan  0  =  ^_,gg , 

D  =  ^{«;'R'S'+|)*w'L'(h,'R+«i'S)'} 

_  n,'RS_ 

'i   ~  mLCn,'R+H.'S)' 

B  being  resistance  of  primary,  S  that  of  secondary,  »i  the  nnmber  of    ' 
primary  tarns,  n,  the  number  of  secondary  turns,  L  the  self-induction 
of  the  primary. 

From  (16)  and  (17)  H,  the  total  magnetic  force  on  the  core  (being 

111*         / 

H  =  !^i^sin(p/-0)  +  C«-.' (18), 

n,A  +  H,BT 
where  C  =  — —5 ^- 

Now  equation  (18)  treated  in  the  same  way  as  (15)  gives  the 
simnltaneons  values  of  H  and  t,  that  is,  of  »t  and  t.  These  latter 
Bubstitnted  in  (16)  and  (17)  give  the  simnltaneons  valnea  of  xtni  t 
and  y  and  t. 
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If  there  is  magnetic  leakage  it  is  necessary  to  discriminate  betuveen 
the  H  of  the  primary  core  and  the  H  of  the  secondary  core ;  these 
are  respectively — 

_E     ^{US*^phn*(LS-Wy}  sin  (pt^€) 
***  "  ni  •  -/[{RS-i>«m»(LN-M*)}»+jp»mXNR+LS)«] 

+Cie-V+C,e-V (19), 

.    ^  _  B MSsin(^^-YO 

ana   ^t  -  ^  y|-|j^g_^^,(j^jj_]^,)}»^.ya^»(NRH-LS)'] 

+Die-V+D2e-^' (20), 

derived  respectively  from  Hi  =  —  (hx'\-My)  andHa  =  —  (Mar+Ny), 

ni  Wj 


and      y  =  -  ^P^-^  cos  (pt-i.)  ^B^^_,  ,^  g^^.,., 


F 


(22). 


In  these  equations  N  is  the  self-induction  of  the  secondary,  M  is* 
the  mutual  induction,  F  is  the  i-adicle  in  the  denominator  of  (19)  and 
(20),  while  tan  ,  =  pm    LS--~,--^-N(LN^MJ) 

.        ,  NR+LS 

.  _         L'S^4-RSM^4-p'mXLN-M^)» 

an  €       pm     B^|jL,j^.^^i^.j^T^^^_j^,^|     > 

^  yR  +  LS-y{(yR-LS)^4-4RSM-} 
^'  2m(LN-M0 

_  NR-hLS-hy{(NR-LS)--h4RSM»} 
^*  2w(LN-M0 

September,  1892.] 


Oil  Oumint  Cwceii. 


•II 


si 
a' 

Ha  H 

.5  t 

hi 
1l 


iliiiilliiiilii 


iiiiiili 


iiiiililiiiiiiiliiiiiiiill 


saassss     «sj 
ssssips     g;  J 


|S|SS|S|S|gSgS| 


264 


Major  K.  L.  Hippisley. 


-SI 


■5 


o 

OS 

u 
o 

O 

•s 

a 

•I 


a 

a 

o 

P 


s 

H 


•A  to  lO  lO  lA  to  lO  »6  to  O  lO  lA 

OOOOOOOO 


o  oooo 


OOOOO OOOOOOOO 


a 


pQOOkQQlAtOO 

g^C4eOOOC00404iHO 
Of-^iHr-tpHr-trHrHi-l 


OOO 


I 


» 


M 

s 

+ 


O  iO  kO  O  ^ 
to  ZQ^^    ' 
:  Oi  CO  CO  t^ 


kO  OU»  to  to 


I 


•5 


SSS8SS88888 

^npho  OOO  oooo 
ooobooooboooo 


cqoo  ^ 
lO  to  ;0 


. .     . 88BSSS&SS 

boooboooooooo 


o  lo  oto 
t«>e$  coco 


Q  •*  op  i-»  cot^ 
r.coio<^^eo^n 


ooS 

•    .    • 

•-••HOOOOOOOOOOO 


o  to  o  to 

©i  00  t* 


.  ,  .  00  dD  i>  CO  to '4>  9  00  oS 

fHfHoooooooooob 


ss&sss 


s 


OOO  OOO 


^  ®  d  "S 


•*3 


8tO  Q  Q  Q  Q  to 
r«  to  to  kO  o  t^ 

t>.  ^  CO  O  M  o  t^ 

CO  toco  ^  go  ^  fh 
i;^  00  ©^  fh  o  o  o  ^ 

•-Hooooobo 


a 

H 


a 
••"^ 

»« 

a 

C^ 


O  Q  to  O  QO 

l>.  ^  !'•  I>  -N  t* 

'^  CO  Oi  CO  ~    ■ 

to  to  kO  CO 


cpoo  o 


ooooooooooooooo 


0 


K8S88S2SS^SSS8 


p  p  p  p  p  fH  iH  rl  04  00  ^  iH 

bbbbboobooobboiH 


_ 


On  Currtnt  Cureei. 


5? 


Iliiiiiiiiiiii  liiiliiiiliiii 

9 o o o o o oo o o a o oo 6   looooioooooooo 

iippiiiiiiiii  iiPii^iiiiiii 

°  9 T"  7":"  T T  T* 7*  T*  7* T"  7"  ?■  T"    :  "  ^^^^  ¥»-»«3  ■*  ¥S9i5S 


iliiiiillililli  |iiiiiiiii|iil 


glvia  IS  Ois  S  O  ISO  9  >9>-l   £S     : 

oioooicooooooj^ : 


isssfesSE  eI;|  -s^st  S.'sg 

looooooo    ^i-hSt'wSsI         .2  2 


sllliisi 


SSSS??a 


SiatSiOSQQSOQiSOUlOO 
5t7tii-OQiSAS2t-isr>SS 


266 


On  CuiTefU  Curve. 


0^ 

u 

d 


W 


m 


00 

o 

ti 

o 

I 


O 
•a 

Eh 


1^ 


.  I 


5- 

=3 

o 


I 

e 


m 


Cio  OQOQCOOOQPQ 
aDooaoaoaoodO^oicooeo^ 

^»    ^^^    |»    •»         M    •»         M         0^         «k         «k         *         «k         •% 

OOOOOOiHv-iMCqooeoeo 

+   +   +   +    +   +   +   +   +   +    +    +   + 


d 


n 


ppHooh^oabmcocoubiHeq 

•   ••■••   •••«••• 

OOOOOr-lrHOOtOt^O'^t^ 

fH  1-4  p-l 

+   +   +   +   +   +   +    ++    +    +   + 


» 


I      I      I      I      I      I+   +   +   +  +   +   +   +    +   +   +   +   +   +   +   +   +   + 


8ioc;t«<-iQp:f!Oeqeo'<fCd^di'4eoc4Q^Qpr-it*A>PQ 
OrHeot«oaoeoc0<oioi--ioii-4ioc5cococx)pi>eoi-4OO 

OOOOOtHtHe0iOt«O^t^'^OI»»O00f-(i-iOOOOO 

•H  iH  fH  f-4  iM 

+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  -r 


i 

I 

c  . 

ri. 

o  * 

?5 


n 


se^iii^ 


o  o"oc  a>i> 

rH  rH  pH  iH 
+    +   +    +   +   +    +     I      I      I      I 


t^r-i04eieoeocoooo90<icqe4i-if-irHOOo 


i-i  O  00 


I  I  I  I  I  I  I  I  I  I  I  I  I  I 


n 


8ipCdr«i-Hgp^ocieO'^a»;oo»'<feoe4Q4QpfHi^ObtOQ 
0>-HCOt«OGOCOCCCOkOFHC4r-ilOQ5cOmODpt^eOiHOO 

•   ••••••■••••••••••••••••ft 

OOOOO'-«iHC0iOl*O^t^^Ot*»0e0i-»i-»OOOOO 

I  I  I  I  I  I  i  i  1 77777  I  I  I  I  I  I  I  I  I 


pp 


+  +  +  +  +  +  +  ^-  +  +  +  +  +  +  +  +  ^ 


^S§ 


lO 


•H  fH  vH  pi4  iM 
+     f    +   +    + 


» 


OOO»Hi-IC0lOt*O'**>»'fOt*«OWrHfHOOOOO 

r^  w^  r^  v^  rH 

+   +    +   +   +   +   +   +   +   +   +   +    +   +   +   +    +   ++   +   + 


On  th«  Wandering  {Migrating)  Cell*  of  the  Frog.         267 


November  17, 1892. 

Sir  JOHN  EVANS,  K.C.B.,  Vice-President  and  Twiaaurer,  in  the 
Chair. 

Mr.  Frank  E.  Beddard,  Professor  C.  Le  Neve  Foster,  Dr.  Hans 
Gadow,  Mr.  Fmnoia  Gotch,  and  Professor  T.  Jeifery  Parker  (elected 
1888)  were  admitted  into  the  Society. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

In  pnronance  of  the  Statutes,  notice  of  the  enaaing  Anniversary 
Meeting  was  given  fram  the  Chair. 

Professor  W.  Q.  Adams,  Professor  Riicker,  and  Professor  W.  C. 
Williamson  were  by  ballot  elected  Auditors  of  the  Treasurer's 
acooiints  on  the  part  of  the  Society. 

The  following  Papers  were  read ; — 

L   "On   the  Characters  and  Behaviour  of  tlie  Wandering 
(Migrating)  Cells  of  the   Frog,  especially  in  relation  to 
Micro-organisms."     By  A.  A.  Kanthack,  M.H.C.P.,  M.B., 
and  W.  B,  HardT,  M.A.     Commtinicated  by  Professor  M. 
FOSTSR,  Sec.  B^.    ReceiTed  November  1,  IS^i. 
(Abstract.) 
The  paper  deals  with  the  resalts  of  an  investigation  of  the  strnc- 
'tnreaod  fnnctions  of  the  wandering  (migrating)*  cells  of  the  Frog. 
Certwn  preliminary  observations  on  Mammals  and  Crustacea  are  also 
inolnded. 

The  results  may  be  summarised  as  follows : — 

The  kiitologii  of  the  icandermg  ceU»  of  the  Frog  is  almost  identical 
with  that  of  the  wandering  cells  of  Astacue.  The  different  cells  are 
very  clearly  marked  ofl  from  one  another  when  seen  alive  or  when  in 
preparations.  Ezclndiog  red  blood  corpuscles  and  platelets,  which 
stand  on  a  different  footing  from  all  the  rest,  the  following  forms  are 
fbnnd: — 

*  Thii  appellation  ii  lued  in  preferenM  to  meli  Urmi  u  "  leacocjte  "  or  "  while 
ea^mole,"  liiuMi  it 
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(a)  Eosinophile  cells;  nadens 
horse-shoe  shaped  or  lobed ; 
do  not  ingest  particles;  are 
motile  unicellular  glands. 

^*  ^Vl'Ifl^^^i^f^^i^^^^  ^   (6)  Hyaline  oeUs,  free  from  specific 

granulation ;  nucleus  round 
with  central  nucleolus.  Pha- 
gocytic,  i.e.f  thej  possess  the 
power  of  ingesting  and  digest- 
ing discrete  particles. 


blood  and  in  the  lymph. 


L 


Normal.   - 


n.  Oells  rery  few  in  number 
and    small    in  normal 
lymph.    Normally  pre-  ^ 
sent    in    the    lacunar 
spaces  of  areolar  tissue. 


(c)  Basophile  cells,  spherical,  with 
scanty  protoplasm  when 
small ;  angular,  rounded  or 
flattened  when  large;  cell 
substance  changed  with  tiny 
basophile  granmes,  which  give 
a  viyid  rose  colour  with  methy- 
lene-blue.  Large  oral  or 
round  vesicular  nucleus,  some- 
times containing  irregular 
chromatin  mass  and  filaments. 


Abnormal.    •> 


III.  Large  amosboid  cells  ;^ 
yacuolate,  frequently  | 
with  ingesta  in  the  [ 
vacuoles,  multinuclear,  j 
very  active  and  phago- 
cytic. J 


Giant  cells  formed  by  fusion  of 
hyaline  cells,  similar  to  the 
li^ge  phagocytic  cell  of  AHa» 

CM. 


TV.  Small  bodies,  either  round 
and  quiescent  or  amce-  •< 
boid. 


Nucleated  oells  budded  off  from 
the  eosinophile  or  hyaline 
cells. 

Non-nucleated  bodies  produced  by 
breaking  up  of  red  corpuscles. 

The  hyaline  cell  is  less  resistant  than  the  eosinophile  cell.  Rough 
manipulation  causes  a  rapid  bursting  up  of  the  cell,  thus  recalling 
the  hyaline  explosive  corpuscles  of  Astacus, 

We  have  studied  the  functions  of  these  cells  in  relation  to  their 
anti-bacillary  action  (1)  by  taking  samples  of  lymph  from  a  Frog  at 
varying  int^ervals  after  the  injection  of  bacilli,  &c. ;  (2)  by  inocu- 
lating hanging  drops  suspended  in  moist  chambers  and  kept  at 
diiTerent  temperatures,  the  chambers  being  sufficiently  large  to  afford 
plenty  of  oxygen.  By  the  second  method  we  have  been  able  to 
observe  the  conflict  between  cells  and  bacilli  for  continuous  periods 
of  eight  to  nine  hours.  The  same  cells  and  bacilli  have  been  watched 
for  the  whole  period. 

In  the  same  manner  we  have  also  examined  the  effect  of  the  injec- 
tion of  finely-divided  coagulated  proteid  (boiled  white  of  egg  sola- 
tion),  Indian  ink,  vermilion,  egg  albumen,  and  anthrax  spores.  At 
first  we  used  curarised  Frogs  to  obtain  lymph,  and  this  led  to  the 
discovery  that  curare  produces  a  profound  alteration  in  the  wandering 
cella. 
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Tlie  pbenomena  of  lencocytosis  bave  also  been  examined,  and  wo 
find  the  following : — 

1.  Corresponding  with  the  three  different  kinds  of  wandering  cells 
found  in  the  blood  and  Ijmph,  three  kinds  of  lencocytoaiB  maj  be 
distingniflhed,  each  chanicterised  by  the  relatively  greater  increase  in 
Dumber  oF  one  particolar  kind  of  cell.  Thin  may  be  illDHtratod  by 
citing  the  effect  of  the  injection  of  ftnely-divided  coagulated  proteid, 
which  prudnces  a  great  increase  in  the  nnmber  of  the  hyaline 
(phagocytic)  cells  without  a  correspondingly  large  increase  in  the 
nambers  of  the  other  wandering  cell  forma.  Eoninophile  lencot^ytosis, 
that  is,  increase  in  the  nnmbers  of  the  eoRinopbile  cellfi,  occnrtt  with 
wonderful  rapidity  after  injection  of  anthrax  bacilli  or  other  niic^ro- 
organisma,  and  it  is  then  followed  by  a  lencocytosis  of  the  hyaline 
cells. 

2.  The  lencocytosis,  or  increase  in  the  number  of  the  cells,  is 
largely  due  to  the  proliferation  of  the  cells  theraBelres.  Thos  eosino- 
phile  leacocytosiB,  followed  by  hyaline  leococytOBis,  occors  ont  of  the 
body  in  a  hanging  drop  of  lymph.  Also  we  have  witnesaed  the  divi- 
sion of  the  cella  in  a  hanging  drop.  The  phenomena  classed  under 
the  head  of  chemiotaxis  ore  nndonbtedly  to  be  partly  explained  by  the 
very  rapid  power  of  proliferation  by  fiRsion  of  the  wandering  cells. 

Th«  behatiour  of  the  cells  towards  •micro-organUm.s  differs  according 
to  the  natnre  of  the  latter.  In  this  abstract  we  will  confine  onrselres 
to  the  confliet  with  BacUJut  anthracii. 

The  Frog  at  ordinary  tcmperataren  iit  abnolutely  immnne  against 
anthrax.  When  lyntph  is  treated  with  anthrax  bacilli  the  following 
pbenomena  are  seen,  and  may  be  grouped  as  sncccssive  Bfaijea  : — 

Stage  J. — The  eosinopliile  cells  are  str'ongly  attracted  to  the 
anthrax.  They  apply  themselves  to  the  chains  of  bacilli.  When 
contact  is  afasolntely  or  nearly  effected  thoir  cell  substance  shows  the 
following  phenomena  : — 

1.  It  is  profoundly  stimulated,  and  oxbibits  quick  streaming  move- 
ments.    Ordinarily  the  eosinophile  coll  is  very  slaggish. 

2.  Tbo  eosinophile  spherules  are  discharged;  those  nearest  the 
bacillus  fading  and  diiisolving  first. 

3.  If  the  eosinoiihilc  cells  are  present  in  sofGcient  numbers  to 
match  the  anthrax,  in  other  words,  it  they  are  unharmed  by  the 
bacilli,  they  bnd  off  daughter  cells,  which  are  at  first  free  from 
granules.  These  creep  a  short  way  from  the  point  of  conflict,  and  in 
a  short  time  spherules  appear  at  one  end.  Later,  these  daughter 
cells  seek  the  same  or  another  focus  of  conflict.  Several  oosimiphile 
cells  will,  towards  the  ci()so  of  Stage  I,  and  when  their  numbers  have 
increased,  bo  massed  round  one  chain,  and  they  ullimnti'ly  fuse, 
tbongh  the  endosarc,  with  its  grannies,  remains  distinct.  lu  thin 
way  an  WBinophih  pJasmodium  is  formed,  though  the  fusion  \b  cou-' 
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fined  to  the  more  mobile  peripheiul  cell  snbetaDce.  Whether  the 
eosicophile  cells  or  the  bacilli  win  the  fight  depends  largely  on  their 
relative  d umbers.  The  bacillus  is  only  injured  near  the  eosinophile 
cell ;  there  the  contents  beeome  rapidly  curdled  and  irregular  in 
appearance,  and  may  be  com^pletely  dissolved  (it  should  be  noted 
that  Leber  has  shown  that  pus  dissolves  copper,  and  even  platinum, 
and  Kanthack  has  shown  that  the  pus  cell  is  the  eosinophile  cell). 
If  the  bacillaiy  chains  are  in  great  number,  then  there  may  not  be 
eosinophile  cells  enough  to  attack  them  all,  although  the  eosinophile 
cell  will  extend  itself  to  most  attenuated  lengths  in  order  to  be  able 
to  attack  as  great  a  length  of  chain  as  possible.  Even  where  the 
chain  is  not  directly  attacked,  the  near  presence  of  eosinophile  cells 
profoundly  arreats  its  development. 

If  the  cells  win  they  early  recharge  themselves  with  spherules;  hut 
hese  are  no  longer  eosmophile — Hhey  are  amiphophile ;  that  is,  they  stain 
with  both  eosine  and  methylene-Uue^  and  rather  more  readily  with 
the  latter. 

During  the  later  portion  of  Stage!  the  eosinophile  cells  are  aggre- 
gating  and  fusing  round  the  chains  of  bacilli. 

This  fusion,  and  the  later  and  more  complete  f ueion  of  the  hyaline 
cells  is  a  kind  of  conjagation,  the  cells  ultimately  separating. 

During  Stage  I  the  hyaline  cells,  the  phagocytes^  remain  quiescent, 
and  are  not  attracted  towards  the  bacilid,  though  they  may  take  up 
indifferent  matter  such  as  Indian  ink.  In  the  neighbourhood  of  a 
healthy  bacillus  they  appear  to  be  paralysed. 

Stage  11. — Hyaline  cells  have  now  increased  in  numbers,  and  come 
to  the  eosinophile  cell  masses  surrounding  a  bacillus  and  fuse  with 
them.  The  eosinophile  cells  probably  lie  extended  along  a  chain ; 
the  hyaline  cells  work  with  one  object,  namely,  to  draw  the  long- 
drawn-out  mass  into  a  ball.  To  this  ^nd  a  hyaline  cell  will  attach 
itself  by  a  broad  attachment,  and  then,  by  means  of  long  filiform 
pseudopodia  stretched  towards  moite  distant  parts,  it  will  bend  the 
chain  up  into  a  close  (J,  rolling  the  eosinophile  cells  round  itself, 
and  fusing  superficially  with  them«  The  superficial  fusion  of 
eosinophile  cells  with  the  hyaline  cell  produces  violent  streaming 
movements.  Other  hyaline  cells  come  and  fuse  with  the  now  lobate 
spherical  and  opaque  mass.  The  impact  of  each  successive  cell  acta 
as  a  stimulus,  causing  streaming  and  pseudopodial  movements,  which 
fade  away,  to  be  re-awakened  by  the  arrival  of  a  fresh  cell. 

We  have  now  a  lobed  mass,  curiously  opaque,  and — to  take  one 
particular  instance — formed  by  the  fusion  of  seven  eosinophile  cells 
and  four  hyaline  cells.  Three  eosinophile  cells  originally  attacked 
the  chain.  (It  will  be  noted  that  we  retain  the  term  eosinophile 
ceils,  though  the  second  formed  spherules  are  at  first  amphophile.) 
This  fusion  may  persist  for  one  to  two  hours* 
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Stage  III. — The  cells  of  the  mass  commence  to  regain  their  indi- 
vidaalitj  and  bIowIj  separate.  The  sepai^tion  is  in  two  ver^  dis- 
tinct sta^B,  and  when  the  individnal  cells  are  again  to  be  aeen  the 
mass  is  found  to  consist  of  a  central  giant  hyaline  plasmodinm, 
formed  hj  the  very  complete  fusion  of  the  fonr  hyaline  cells,  and 
enclosed  by  a  craat  of  eosinophile  cells.  The-first  stage  in  the  disso- 
lation  of  the  mass  is  the  separation  and  wandering  away  of  the 
«osinophile  cells,  fnlly  charged  with  the  second  set  of  spberalei, 
which  have  now  beoome  tmly  eosinophile.  A  very  cnrious  appear- 
ance is  presented  as  they  shred  themaelvee  o9  the  central  hyaline 
mass.  This  plasmodinm  or  giant  cell  is  now  seen  to  be  an  amceboid 
body,  with  several  food  racaoles  containing  ingesta  in  the  form  of 
the  remnants  of  the  chain  of  bacilli.  It  pushes  ont'  on  one  side 
long  filiform  psendopodia,  which  resemble  those  of  the  Heliozoa  in 
tbeir  slnggish,  streaming  movements,  while  from  the  other  side  pro- 
ject short  ronnd  psendopodia. 

The  hanging  drop  contains,  at  this  stage, .  maltitudcs  of  these 
phagocytic  plasmodia,  with  free  eosinophile  cells  and  free  hyaline 
and  rose-staining  cells. 

Stage  IV. — This  is  the  second  stage  of  the  disintegration  of  the 
cell  masses.  The  food  vacuoles  of  the  plasmodinm  close  np,  and  the 
whole  structure  becomes  lobed,  taking  on  the  appearance  of  a  heap 
of  hyaline  cells,  wbioh  subsequently  separate  into  the  original  four 
cells. 

While  these  stages  are  in  progress  the  rose-colouring  cells  are 
increasing  in  size  and  number.  They  are  at  first  small  and  spherical, 
with  not  very  abundant  cell  substauoe.  Later  they  become  large, 
angalar,  and  sometimes  vacuolate,  and  their  cell  substance  becomes 
completely  filled  with  basophile,  rose-staining  granules. 

The  activities  of  the  rose -staining  cells  are,  we  believe,  directed 
towards  the  removal  of  foreign  noiioos  substance  in  solution  in  the 
plasma.  We  find  that  if  the  bacterial  poisons  accumulate  beyond  a 
certain  point  they  paralyse  the  eosinophile  cells,  and  destroy  the 
hyaline  cells.  This  is  prevented,  in  part  at  any  rate,  by  the  action 
of  the  rose-steining  cells.  We  correlate  the  increase  in  the  granula- 
tion of  these  cells,  or,  in  other  words,  the  increase  in  the  amount  of 
rose-staining  substance,  with  the  removal  of  the  bacterial  products. 

The  conflict  thus  consists  of,^«t,  the  maiming  of  the  bacilli  by  the 
ei«inophile  cells;  f^comf'y,  the  removal  of  the  remains  of  the  bacilli 
by  means  of  the  ingestive  and  digestive  activity  of  the  hyaliue  cells ; 
and,  thirdlg,  the  removal  of  dissolved  foreign  substances  by  the  rose- 
■taining  colls.  We  do  not  propose  to  deal  at  present  with  the  f  ui-ther 
processes  of  repair. 
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Action  of  Urari, 

It  induces  extensive  lencocytosis. 

Stage  L — After  three  hours  lymph  drawn  is  found  to  contain 
iiyaline  and  amphophile  cells,  the  latter  in  great  abundance. 

By  treating  a  hanging  drop  with  urari  and  methylene-blne,  we 
were  able  to  watch  the  grannies  of  the  eosinophile  cells  slowly 
undergo  a  slight  decrease  in  size  and  stain  with  the  methylene-blne* 
The  granules  of  the  normal  cell  never  stain  with  methylene-blue. 

Stage  11^  12  hours. — Repair  in  progress;  numei'ous  large  cells 
present  charged  with  ingesta. 

Stage  III. — The  normal  eosinophile  cell  re-appears.  Frogs  com* 
jpletely  recover  from  nrari  in  a  day  or  two. 

Action  of  Heat, 

Frogs  are  rendered  susceptible  to  anthrax  by  being  warmed.  We 
therefore  inoculated  hanging  drops  and  watched  them  on  the  warm 
stage. 

We  found  that  the  first  attack  of  the  eosinophile  cells  was  com- 
menced before  the  temperature  had  risen,  but  never  carried  out,  the 
cells  becoming  completely  paralysed,  and  showing  no  movement  for 
five  hours.  Therefore  there  was  no  phagocytosis,  for  this  can  only 
follow  the  eosinophile  attack. 

Morphology  and  Oomparative  Physiology  of  these  Wandering  Cell 

Elements, 

We  are  now  able  to  point  to  three  animal  forms,  the  Frog  and 
Ltmprey,  types  of  a  complex  and  highly  developed  group,  and 
Asiacus^  a  complex  member  of  a  group  containing  animals  of  widely 
divergent  complexity.  In  all  these  different  forms  of  wandering  cells 
occur.     These  we  may  class  as — 

Gr&nular  eosinophile.  Found  free  in  the  body  fluids. 

NoD-granular  hyaline.  „  „  „ 

Hose-reacting  cell,  granular.   Wandering  cell  which  is  found  in  the  body  fluids, 

but  which  also  inhabits  the  spaces  of  connective 
tissues,  though  it  is  not  by  any  means  identical 
with  the  connective-tissue  cell. 

Of  these  diverse  forms  we  see  the  archetype  in  the  granular,  pro- 
tective, digestive,  absorptive,  and  constructive  (for  it  con  tributes  to 
form  the  fat  tissue  and  scar  tissue)  blood  cell  of  the  primitive  animal 
Daphniay  and  the  granulation  of  this  primitive  cell  is  amphophile 
and  rose-staining,  as  is  also  the  granulation  of  the  ectoderm  of 
Daphnia, 
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The  physiological  differentiation  we  can  trace  when  we  see  that 
the  eoBinophile  cell  has  accentuated  the  glandular  and  protective  cha< 
racter  of  the  primitire  cell ;  while  in  ita  attack  bj  direct  contnct 
brODght  abont  by  peeodopodial  activity  we  see  the  remnant  of  the 
direct  psendopodial  and  ingeatire  attack  of  the  primitive  cell. 

The  hyaline  cell,  or  permanently  free  phagocyte,  represents  the 
specialisation  of  the  direct  pBendopodial  ingestive  activity  of  the 
primitive  cell. 

While,  lastly,  the  absorptive  powers  of  the  primitive  cell  are  repre- 
sented by  the  rose-staining  cell   of  the  more  differentiated  animal 
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(Abstract.) 

The  principal  object  of  this  paper  is  to  endeavour  to  obtain  a 
tiieoretical  explanation  of  the  instability  of  viscoos  liquids,  which  was 
experimentally  studied  by  Professor  Osborne  Reynolds.* 

The  experiment,  which  perhaps  most  strikingly  illoetrates  this 
branch  of  hydrodynamics,  consisted  in  causing  water  to  flow  from  a 
cistern  through  a  long  circular  tube,  and  by  means  of  suitable  appli- 
ances a  fine  stream  of  coloured  liquid  was  made  to  flow  down  the 
centre  of  the  tube  along  with  the  water.  When  the  velocity  was 
saCBcieDtly  small,  the  coloured  stream  showed  no  tendency  to  mix 
with  the  water;  bat  when  the  velocity  was  increased,  it  was  found 
that  as  soon  as  it  had  attained  a  certain  critical  value,  the  coloured 
stream  broke  off  at  a  certain  point  of  the  tube  and  began  to  mix  with 
the  water,  thus  showing  that  the  motion  was  unstable.  It  was  also 
found  that  as  the  velocity  was  still  further  increased  the  point  at 
which  instability  commenced  gradually  moved  up  the  tube  towards 
the  end  at  which  the  water  was  flowing  in. 

Professor  Reynolds  concluded  that  the  critical  velocity  W  was 
determined  by  the  equation 

Wop/;*  <  «. 

where  a  is  the  radius  of  the  tube,  p  the  density,  and  /t  the  viscosity  of 
the  liquid,  and  n  a  number ;  but  the  results  of  this  paper  show  that 
this  formula  is  incomplete,  inasmuch  as  it  does  not  take  any  account 
of  the  friction  of  the  liquid  against  the  sides  of  the  tube. 

In  the  first  place,  if  tJie  snrface  friction  is  supposed  to  be  lero,  so 
jthat  perfect  slipping  takes  place,  the  motion  is  stable  for  all  veloci- 

■  ■  PhiL  Tnuu.,'  188S,  p.  935. 
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ties.    If  e^^  be  the  time  factor  of  a  disturbance  of  wave-length  \  the 
value  of  A;  is 

2«yW 


k=  - 


-M^*-) «' 


where  n  is  a  root  of  the  equation  Ji(n)  =  0. 

Experiment  shows  that  when  the  velocity  is  greater  than  about 
6  inches  per  second,  the  frictional  tangential  stress  of  water  in  con- 
tact with  a  fixed  or  moving  solid  is  approximately  proportional  to  the 
square  of  the  relative  velocity.  This  introduces  a  constant  fi,  which 
may  be  called  the  coefficient  of  sliding  friction,  whose  dimensions  are 
[ML"'],  and  are  therefore  the  same  as  those  of  a  density.  This 
constant  may  have  any  positive  real  value ;  )9  =  0  corresponding  to 
perfect  slipping  or  zero  tangential  stress,  whilst  )9  =  oo  corresponds 
to  no  slipping,  which  requires  that  the  velocity  of  the  liquid  should 
be  the  same«as  that  of  the  surface  with  which  it  is  in  contact.  Owing 
to  the  intractable  nature  of  the  general  equations  of  motion  of  a 
viscous  liqaid,  I  have  been  unable  to  obtain  a  complete  solution, 
except  on  the  hypothesis  that  fi  is  an  exceedingly  small  quantity. 
This  supposition,  I  fear,  does  not  represent  very  accurately  the  actual 
state  of  fluids  in  contact  with  solid  bodies ;  but,  at  the  same  time,  the 
polution  clearly  shows  that  the  instability  observed  by  Professor 
Reynolds  does  not  depend  upon  viscosity  alone,  but  is  due  to  the 
action  of  the  boundary  upon  a  viscous  liquid. 

To  a  first  approximation,  the  real  part  of  h  is  proportional  to 

-"7 i;?— "  ^^^' 

where  2vlm  is  the  wave-length  of  the  disturbance,  and  n  is  a  root  of 
the  equation  Ji(n)  =  0.  Since  the  second  term  is  a  number,  this 
shows  that  the  motion  will  be  stable,  provided 

Waplfi  <  a  number. 

The  experiments  of  Professor  Reynolds  conclusively  show  that  the 
critical  velocity  at  which  instability  commences  is  proportional  to 
/i/a ;  and  the  fact  that  the  theoretical  condition  of  stability  turns  out 
to  be  that  Wa/^t,  multiplied  by  a  quantity  of  the  same  dimensions  as 
a  density,  should  be  less  than  a  certain  namber,  appears  to  be  in 
substantial  agreement  with  his  experimental  results. 

The  results  of  the  investigation  may  be  summed  up  as  follows : — 

(i.)  The  tendency  to  instability  increases  as  the  velocity  of  the  liquid^ 
the  radius  of  the  tube,  and  the  coefficient  of  sliding  friction  increase ; 
but  diminishes  a^  the  viscosity  increases, 

(ii.)  The  tendency  to  instability  increases  €LS  the  wave-length  (2v/m) 
of  the  disturbance  increases. 
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The  remainder  of  the  paper  ia  occupied  with  the  discasaion  of  a 
Tariety  of  problems  relatiag  to  jets  and  ware  motion. 

I  find  that  when  a  oylindrical  jet  is  morinff  through  the  atmosphere, 
the  tendency  of  the  Tiscosity  of  the  jet  is  always  in  the  direction  of 
stability.  The  velocity  of  the  jet  does  not  affect  the  stability  unless 
the  inflaence  of  the  sarronndinji;  air  is  taken  into  account ;  if,  how- 
erer,  this  is  done,  it  will  be  found  that  it  gives  rise  to  a  term  propor- 
tional to  the  product  of  the  density  of  the  air  and  the  square  of  the 
Velocity  of  the  jet,  whose  tendency  is  to  render  the  motion  nnstable. 
The  tendency  of  surface  tension  (ae  has  been  prerioaaly  shown  by 
Lord  Rayleigh)  is  in  the  direction  of  etability  or  instability  accord- 
ing as  the  ware-length  of  the  disturbance  is  less  or  greater  than  the 
drcumference  of  the  jet. 

If,  in  addition,  the  jet  is  supposed  to  be  electrified,  the  condition  of 
atahility  containa  a  term  proportional  to  the  square  of  the  chai^ 
multiplied  by  a  oertain  number,  n.  When  the  ratio  of  the  circum- 
ference of  the  jet  to  the  wave-length  is  less  than  06,  n  is  positive, 
and  the  electrical  term  tends  to  produce  stability ;  but  when  this 
ratio  ia  greater  than  0*6,  n  is  negative,  and  the  electrical  term  tends 
to  produce  instability.  It  mnat,  however,  be  recollected  that  when 
the  above  ratio  ia  greater  than  unity  the  tendency  of  surface  tension 
ia  to  produce  atability ;  bnt  if  the  inflnencing  body  ia  capable  of  in- 
docing  a  aafficiently  large  charge,  the  electrical  term  (when  2ra  >  X) 
will  neutralize  the  effect  of  aurface  tensicn  asd  viscosity,  and  the 
motion  will  be  unstable. 

The  well-known  calming  effect  of  "  pouring  oil  on  troubled  waters  " 
has  passed  into  a  proverb.  The  mathematical  inveatigation  of  this 
phenomenon  is  as  follows; — The  oil  spreads  over  the  water  bo  as  to 
form  a  very  thin  film  ;  we  may  therefore  suppose  that  the  thickness 
I  of  the  oil  ia  so  small  compared  with  the  wave-length  that  powers  of 
I  higher  than  the  first  may  be  neglected.  Also,  since  the  viscosity  of 
olive  oil  in  C.G.S.  unite  is  about*  a  25,  whilst  that  of  water  is  about 
0'014,  the  former  may  be  treated  as  a  highly  viscous  liquid,  and  the 
latter  as  a  frictionleas  one. 

The  result  ia  as  follows : — 

Let  Pi,  p  be  the  densities  of  the  water  and  oil,  Ti  the  surface  ten- 
sion between  oil  and  water,  T  the  aurface  tension  between  oil  and  air, 
/I  the  viscosity  of  the  oil,  and  c"  the  time  factor,  then,  to  a  first 
approximation, 

.  _       (g(f.-p)+Tim'}f3p-Tm')i 
VJS,,-(T-T.)m'i        ■ 

For  olive  oil,  T,  =  20  56,  T  =  36-9,  ao  that  T  >  T, ;  and  I  find  that 

*  Otborn«  BerooU*^ '  Phii.  Tnnt.,'  1886,  p  171. 
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the  motion  will  be  stable  unless  tbe  wave-length  of  the  distarbance 
lies  between  aboat  9/11  and  6/5  of  a  centimetre.  This  resalt  satis- 
factorily  explains  the  effect  of  oil  in  calming  stormy  water. 


III.  "  On  the  Colour  of  the  Leaves  of  Plants  and  their  Autumnal 
Changes."  By  Arthur  Hill  Hassall,  M.D.  Lond.  Com- 
municated by  the  Rt.  Hon.  Professor  HuxLEY,  F.R.S. 
Received  June  21,  1892. 


IV.  "  Observations  on  the  Earthquake  Shocks  which  occurred 
in  the  British  Isles  and  France  during  the  month  of  August, 
1892."  By  Edward  Hull,  F.R.S.,  F.G.S,,  Professor  of 
Geology  in  the  Royal  College  of  Science.  Received 
October  5, 1892. 


Presents,  November  17,  1892. 
Transactions. 

Adelaide : — Royal  Society  of  South  Anstralia.  Transactions. 
Vol.  XV.     Part  1.     8vo.     Adelaide  1892.  The  Society. 

Amsterdam: — Koninklijke  Akademie  van  Wetenschappen.  Ver- 
handelingen.  Deel  XXIX.  4to.  Arfisterdam  1892 ;  Verhande- 
lingen  (Afd.  Letterkande).  Deel  XX.  4to.  Amsterdam  1S91 ; 
Verslagen  en  Mededeelingen  (Afd.  Natnurknnde).  Deel  VIII. 
8vo.  Amsterdam  1891 ;  (Afd.  Letterknnde)  Deel  VIII.  8vo. 
Amsterdam  1892  ;  Catalogus  van  de  Boekerij.  Eerste  Vervolg. 
8vo.     Amsterdam  1891 ;  Jaarboek.     1891.     8vo.     Am>sterdam. 

The  Academy. 

Baltimore  : — ^Johns  Hopkins  University.    Circular.    No.  100.     4to. 

Baltimore  1892 ;  Studies.     Nos.  4—9.     8vo.     Baltimore  1892. 

The  University. 
Peabody  Institute.     Report.     1892.     8vo.     Baltim/yre. 

The  Institute. 

Batavia: — Koninklijke     Natuurkundige    Vereeniging.       Natuur- 

kundig  Tijdschrift  voor  Nederlandsch-Indie.     Deel  LI.     8vo. 

Batavia  1892.  The  Association. 

Berlin: — Gesellschaft  fiir  Brdkunde.     Zeitschrift.     Bd.  XXVII. 

Nos.  2—3.     8vo.     Berlin  1892.  The  Society. 

K.  Akademie  der  Wissenschaften.     Abhandlungen.     1891.    4to. 

Berlin  1892;    Sitzungsberichte.      Heft    1 — 40.     8vo.     Berlin 

1892.  The  Academy. 


W92.]  iVrtm(fc  277 

TraiuaationB  (amtinuecCi. 

Birminghain  : — MaHon  College.    Calendar,  1S92-93.  Sto.  Birming. 

ham  1892.  The  College. 

PhiloaophioJ  Sooiety.     ProceedingB.     "Vol.  VII.     Part  2.     8vo. 

Birmingham.  The  Society. 

Bologna  : — R.  Acoademia  delle  SoienEe.  Memorie.  Ser.  5.  Tomo  I. 
4to.     Bologna  1890.  The  Academy. 

Bordeaux : — Society  de  MMecine  et  de  Chimrgie.  Memoirea  et 
Bulletins.     1891.    Fasc.  3— 4.    8vo.    Burdt^ux  1&92. 

The  Society. 
Soci^t^  dea  Scienoes  Phyeiqnes  et  Natareltee.   U^moires.    Ser.  4. 
Tome  II.   8to.    Paw  1891 ;  Appendice  aa  Tome  II — Observa- 
tions Plaviom^triqaea  et  Thermom4triqne8.     8vo.     Bordeaux 
1891.  The  Society. 

Catania : — ^Accademia  Gioenia  di  Scienze  Natarali.  Atti.  Ser.  4, 
Vols.  Ill— rV.  4to.  (7oiiiMial892;  BnllettdnoMensile.  1892. 
Fasc.  2&— 29.     Sto.     Catania  1892.  The  Academy. 

Copenhagen  : — Kongelige  Dautike  VidenHkabemea  Selskab.  Over- 
sigt.  1891.  No.  3.  1892.  No.  1.  8to.  Kjobenhavni  Skrifter 
(Natarvidenskabelig  og  Matbematisk).  Bind  VII.  No.  5.  ito, 
Kjobenhaim  1891.  The  Academy. 

Cracow  : — Acod^mie  des  Sciences.  Comptes  Rendns  des  Stances. 
Join— Joiltet,  1892.     8vo.     Cracovie  1892.  The  Academy. 

Edinbargh  : — Boyal  College  of  Physicians.  Reports  from  the 
Laboratory.  Vol.  IV.  8to.  Edinbtagk  1892.  The  College. 

Emden : — Natarforschende  Oesellscbaft.  Jahrcsbericbt.  1890-91. 
8to.     Mmden  1892.  The  Society. 

Erlai^ren; — Physikaliscb.Medicmische  Societat.  Sitzungsberiohte. 
Heft  24.     870.     Erlaagtm  1892.  The  Society. 

Essex  Field  Club.  The  Essex  Naturalist.  Vol.  VI.  Kos.  6—9. 
870.     Buchhwit  Hill  1892.  The  Club. 

Falmouth  r— Royal  Cornwall  Polytechnic  Society.  "Report.  1891. 
8vo.     Falmouth.  The  Society. 

Frankfort-on-Maiue  : — Senokenbergische  Natnrf orach ende  Qcrvoll- 
schaft.  Bericbt.  1892,  8vo.  Frankfurt ;  Lepidopteren  von 
Madagascar.  Abth.  1—2.  4to.  Frankfurt  1884, 1891 ;  Cata- 
log der  Batracbier-Sammlnng  im  Mnsenoi  dcr  GcscUscbaft. 
8vo.     Frankfurt  1892.  The  Society. 

Gottingen  : — E.  Gesellschaft  der  Wissenschaften.  Abhandlungcn. 
Bd.  XXXVII.  4to.  OStUnyen  1891;  Nachrichten.  1891. 
8vo.     Ootlingen.  The  Society. 

Halifax:— Nova  Scotian  Institute  of  Science.  Proceedings  and 
Transactions.     VoL  I.     Part  1.     8to.     Halifax  181^1. 

Tbe  Institute. 


278  J^eaents.  [Nov.  17, 

Transactions  (continued). 

Halle : — ^Verein  fiir  Eidknnde.    Hitteilangen.    1892.    8vo.    Halle. 

The  TJnion. 
Hambarg  : — ^Naturhistoriscbes  Museum.     Mitteilongen.     Jahrg.  9. 
Heft  2.     8vo.     Hamburg  1892.  The  Museum. 

Hamilton  (Ontario)  : — Hamilton   Association.     Journal  and  Pro- 
ceedings.    No.  8.     8yo.     Hamilton  1892.  The  Association. 
Hobart: — Boyal  Society  of  Tasmania.     Papers  and  Proceedings. 
1891.     8vo.     Tasmania  1892.  The  Society. 
La  Plata : — ^Museo.   Revista.   Tomo  II.   Entrega  2.   8vo.  La  Plata 
1891.                                                                            The  Museum. 
Lausanne: — Soci^t6  Yaudoise  des  Sciences  Naturelles.     Bulletin. 
S6r.  3.    Vol.  XXVIII.    Nos.  107—108.    8vo.    Lausanne  1892. 

The  Society. 

Liverpool : — Geological  Society.     Proceedings.    Vol.  VI.     Part  4. 

8vo.     Liverpool  1892.  The  Society. 

Liverpool  Marine  Biology  Committee.     Fauna  of  Liverpool  Bay. 

Reports.     Nos.  1—3.     8vo.     Liverpool  1886,  1889,  1892. 

The  Committee,  through  Prof.  Herdmau,  F.R.S. 
London: — British    Astronomical  Association.     Journal.     Vol.  I. 
Parts  1—4.     Vol.  II.     Nos.  8—10.     8vo.     London  1892. 

The  Association. 
British  Museum.  Catalogue  of  Printed  Books.  Holland — Homen ; 
Milton — Mi  Tertulia;  Mitford — Mollat;  MoUe — Montaix; 
Montal — Moorland ;  Moorman — Morin  Dumesnil ;  Morine — 
Mosquito  Coast.  4to.  London  1892 ;  Catalogue  of  the  Birds. 
Vols.  XVI— XVII.     8vo.     London  1892.  The  Trustees. 

Clinical  Society.    Transactions.    Vol.  XXV.  8vo.    London  1892. 

The  Society. 

East  India  Association.    Journal.   Vol.  XXIV.    Nos.  5 — 7.   8vo. 

London  1892.  The  Association. 

Entomological   Society.     Transactions.     1892.     Part  2.     8vo. 

London.  The  Society. 

Geological  Society.     List  of  Fellows.     1892.     8vo.    London. 

The  Society. 
Imperial  Institute.     Year  Book.     1892.     8vo.    London. 

The  Institute. 
Institute  of  Brewing.      Transactions,     Vol.  V.     No.  7.     8vo. 
London  1892.  The  Institute. 

Institute  of  Chemistry.     Register.     1892.     8vo.     London. 

The  Institute. 

Institution  of  Civil  Engineers.     Minutes  of  Proceedings.     Vols. 

CVIII— ex.     8vo.     London  1892.  The  Institution. 

Institution    of    Mechanical    Engineers.       Proceedings.       1892. 

No.  2.     8yo.     London,  The  Institution 


189S.]  pMiBnU.  279 

Tnuiif actions  (conHnned). 

Institntion  of  Naval  Architects.    TransactioDB.    Vol.  XXXIII. 
4to.     London  1892,  The  Inetitation. 

Iron  and  Steel  Institnte.  Joamal.  1892.  No.  1 ;  Special  Volume 
of  Proceedings  ifa  America,  1890.     6to.     London,     1892. 

The  Institute. 
Uontreal : — Royal  Society  of  Canada.     Proceedings  and  Transac- 
tions.    Vol.  IX.     4to.     Montreal  1892.  The  Society. 
Toalonse: — Academie  des  Sciences.    Kemoires.    S^r.  9.    Tome  III. 
8to.     Toulouse  1891.                                                  The  Academy. 
Facnlt^  dea  Sciences.     Anuales.      Tome  VI,     faac.  2 — 3.     4to. 
ToulouMe  1892.                                                               The  Fitcnlty. 


Journals. 
Asclepiad.    Nos.  84—35.    8to.    London  1892. 

Dr.  BichsrdBon,  F.R.3. 
Astronomy  and  Astro-Physics.     Nob.  107 — 108.     8vo.     Nortkjield 
(Minn.)  1892.  The  Editois. 

Horologic&l  Jonmal.     Nob.  407—411.     8vo.     London  1892. 

British  Horological  Ins  tit  ate. 

Jonnml  of  Comparative  Kenrology,     May,  September,  1892.     8vo. 

GranvilU.  The  Editor. 

Uittbeilnngen  ans  der  Zoologischen  Station  zn  Xeapel.     Bd.  X. 

Heft.  3.     Sto.     Berlin  1892. 

Zoological  Station,  Naples. 
KatnM  Notes.    Vol.111.    Nos.  31— 35.    8vo.    Loyido>i  1B92. 

Selbome  Society. 

Kederlandsch  Kraidknndig  Archief.     Serie  2.     Deel  VI.     Stnk  1. 

8to.     NiJTnegen  1892.  The  Netlierlandii  Government. 

Nyt  Magazin  for  Natnrvidenskaberne.     Bd.  XXXII.     Hofte  3—4. 

8to.     Chriatiania  1891-92.  Phyaiographiske  Forening. 

Records  of  the  AoBtralian  Masenm.     Vol.  II.     Nos.  2—3.     8vo. 

Sydney  1892.  The  Museum. 

Revue   MMioo-Pbarmacentiqne.       Annee  V.       Nos.  6,  8.       4to. 

Con$tantin<^le  1892.  The  Kditor. 

Scientific  Memoirs  by  Medical  Officers  of   the  Army  of   India. 

Part  7.     4to.     Calcutta  1892.  The  Editor. 

Stazioni    Sperimentali  Agrarie  Italiane.     Vol.    XXIII.     Fnsc.   1. 

8vo.     Aiti  1892.  R.  Staiione  Enologica,  Ast 

Timehri.     New  Series.     Vol.  VI.     Part  1.     8vo.     Lememra.  189:i. 

Royal  Agricnltural  and  Commercial  Society 

of  British  Gniana. 

Victorian  Toar-Boolc  for  1890-91.    Vol.  II.    8vo.    MelhouTne  1892. 

The  Pablio  Libraiy. 


280  Presmts.  [Nov.  17, 

Journals  (continued), 

Zeitschrift    fiir    Naturwiflsenschaften.      Bd.   LXV.      Heft   1 — 3. 
8vo.     Leipzig  1892. 
NatnrwissenschaftJicher  Yerein  far  Sachsen  niid  Thuringen. 


Anspach  (L.)     Le  B6Ie  de  TEaa  daas  lea  Cjlindres  &  Yapen'r.      Svo. 

Liege  1892.  The  Author. 

Binnie  (A.  B.)    On  Hean  or  Average  Annual  Rainfall.    8vo.    London 

1892.  The  Author. 

Brinton  (D.   O.),    Analyfical    Catalogue  of  Works  and  Scientific 

Articles  by.     8vo.     [1892.]  Dr.  Brinton. 

Canchy  (A.)     CEnvres  Completes.     S^r.  I.    Tome  YII.    4to.    Paris 

1892.  Academic  des  Sciences,  Paris. 

Colenso  (W.),  F.R.S.     Description  of  some  newly-discovered  Tndi-' 

genons   Plants.      8vo.      [Wellington   1892.]      With   one  other 

Excerpt.  The  Author. 

Dallmeyer   (T.   R.)      The  Telephotographic  Lens.      8vo.      London 

1892.  The  Author. 

Distant  (W.  L.)     A  Monograph  of  Oriental  Cicadidao.     Parts  6—6. 

4to.     Lonfion  1892.  The  Indian  Museum. 

Downing  (A.  M.  W.)     Note  on  Damoiseau's  "  Tables  Ecliptiques  des 

Satellites  de  Jupiter."     8vo.     London  1892.  The  Author. 

Espin  (Rev.  T.  E.)     Spectroscopic  Observations  and  Light  Curve  of 

Nova  AurigfiB.     8vo.     [London."]     With  three  other  Pamphlets. 

8vo.  The  Author. 

Fleming    (J.   A.),   F.R.S.      The   Alternate    Current    Transformer. 

2  vols.     8vo.     London  1890,  1892.  The  Author. 

Forget  (J.)     Ibn  Sin&.     Le  Livre  des  Th6oremes  et  des  Avertisse- 

ments.     [Arabic,']     8vo.    Leyde  1892.         Messrs.  Luzac  and  Co. 
Qreenhill  (A.  G.),  F.R.S.     The  Applications  of  Elliptic  Functions. 

8vo.     London  1892.  The  Author. 

Hann  (J.)     Weitere  Unterauchuuffen  liber  die  Tagliche  Oscillation 

des  Barometers.     4to.     Wien  1892.  The  President,  R.S. 

Harcourt  (L.  F.  Yemon)     Improvement  of  the  Maritime  Portion  of 

Rivers,  including  their  Outlets.     Three  copies  (English,  French, 

and  German).     8vo.     Paris  1892.  The  Author. 

Helmholtz  (H.  von).  For.  Mem.  R.S.     Handbuch  der  Physiologischen 

Optik.    Lieferung  6 — 7.    8vo.    Hamhwrg  1892  ;  Das  Princip  der 

kleinsten  Wirkung  in  der  Electrodynamik.     8vo.     Leipzig  1892. 

The  Author. 
Hooker  (Sir  J.  D.),  F.R.S.     The  Flora  of  British  India.     Part  18. 

8vo.     London  1892.  The  India  Office. 

Button  (F.  W.),  F.R.S.   The  Moas  of  New  Zealand.   8vo.    [WelHtig- 

ion  1892.]  The  Author. 


]892.] 


I^tenU. 


281 


lenly  (L'Abb^)     Optiqne  Oeom^triqae.    8to. 

The  Anthor. 
Lawea  (Sir  J.  B.),  F.B.S.  Memoranda  of  the  Field  and  other  Ezperi- 
meiits  at  Bothamated.     4to.     London  1892. 

Sir  J.  B.  Lawes,  Bart. 

Loewenbei^  (I^O    L'Otite  Grippale  ohserv^e  i  Paris  en  1891.    8to. 

Parit  1892.  The  Author. 

Uanoon  (M.)     The  Circnlation  of  the  Atmoephere  of  Planets.     8to. 

[Sow  FrancUeo]  1892.  The  Author. 

Marchand  (J.)     Sar  In  Rectification  des  Arcs  dea   Conrbes   dites 

Lima^onB  de  Paecal.     8vo.     [1892.]  The  Author. 

Marsh  (0.  C.)     Notes  on  Mesozoic  Vertebrate  Fosaibi.     8to.     New 

Haven  1892 ;  Restorations  of  Claosaums  and  CeratoHanma.   8to. 

New  Haven  1892.  The  Author. 

Mitehell  (0.  P.)     The  Enlargement  of  the  Sphere  of  Women.     8vo. 

London  1892.  The  Anthor. 

Mitchell  (S.  Weir)      The  Early  History  of  Inafcrnmental  Precision 

in  Medicine.     8vo.     New  Eaven  1892.  The  Author. 

Moro  (Q.)     Orif^infl  delle  Fonti    Perenni  e  lore  Allacciamonti  per 

Firenae.     8vo.     Firense  1892.  The  Author. 

Monret  (O.)     Sadi  Camot  et  la  Science  de  I'Energie.     8vo.     Paris 

1892.  The  Author. 

Niblett  (J.  T.)     Secondary  Batteries.     8yo.     London  [1892], 

The  Anthor. 
Bajna  (S.  C.  M.)     Sull'  Eacnraione  Diurua  della  Declinazione  Mag- 

netica  a  Milano  in  Relazione  col  Periodo  delle  Macchie  Solari. 

8vo.     Mitaw  1892.  The  Author. 

Boberta  (Sir  W.),  F.R.S.     On  the  Chemistiy  and  Therapeutics  of 

Uric  Aoid  Gravel  and  Gout.     8vo.     London  1892. 

The  Anthor, 
SanBBure  (H.  B.  de)     ObserratioDS  Met4orologiqnea  faitcs  an  Col  du 

G&int.     4to.     Geneve  1891.  The  Author. 

Sharp  (D.),  F.R.S.     A  Scheme  for  a  National  Syatem  of  Rest  Funds 

(or  Penaiona)  for  Working  People.     8vo,     London  1892. 

The  Author. 
Siemens  (W.  von)      Scientific  and  Technical  Papers.     Tol.  I.     8vo. 

London  1892.  The  Author. 

Smith  (F.)     A  Manual   of  Yeterinary   Physiology.     8vo.     London 

1892.  The  Author. 

Storer  (Dr.  H.  H.)     The  Medallic  Medical  History  of  the  United 

Statea.    8vo.     1891;  The  Medals,  Jetoos,  and  Tokens  illustrB- 

tive  of  Obstetrics  and  Gynecology.     8vo.     1887 ;  The  Medals  of 

Natural  Scientists.     Part  1.     Svo.     Newport  1892;    The  Medals 

of  Benjamin  Bush,  Obstetriciaa.     8vo.     Chicago  1889. 

The  Author 


282  Presents. 

Symons  (G.  J.),  F.R.S.    British  Rainfall,  1891.     8vo.    London  1892. 

Mr.  SymoiiH. 

Wardle  (T.)     On  the  Entomology  and  Ufies  of  Silk.    8vo.    Newcastle 

[1892].  The  Author. 

Weber  (W.)    Werke.    Bd.  I.    Aknatik  Mechanik  Optik  und  Warme- 

lehre.     Bd.  II.    Magnetismos.     8vo.     Berlin  1892. 

K.  Gesellschaft  der  Wissenschaften,  Gt^ttingen. 

Wilde  (H.),  F.R.S.     On  the  Origin  of  Elementary  Sabstances,  and 

on  some  New  Relations  of  their  Atomic  Weights.     Two  copies 

l^English  and  German'],     4to.     London  1892.  The  Author. 

Wolf  (R.)     Astronomische  Mittheilungen.    Juni,  1892.   8yo.   Zurich. 

Dr.  R.  Wolf. 
Wood-Mason  (J.)     Natural  History  Notes,     Ser.  II,    No.  1.     8vo. 
[London']  1892.  The  Author. 

Young  (J.)    Geological  Chronology.    8yo.     Olasgow  1892. 

The  Author^ 


Portrait  in  oils  of  Albert  von  Haller,  For.  Mem.  R.S. ;  Bronze  Medal 
struck  in  honour  of  Sir  Benjamin  Brodie,  1841 ;  and  Napoleon's 
Vaccination  Medal,  1804.  Sir  J.  Paget,  Bart.,  F.R.S. 

Bronze  Medallion  cast  in  honour  of  William  Hamilton,  F.R.S. ;  and 
Lee  Medal  of  the  Numismatic  Society  of  London. 
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November  24^  1892. 

Sir  JOHN  EVANS,  K.C.B.,  Vice- President  and  Treasarer,  in  the 
Chair. 

A  List  of  the  Preeents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

Id  parsnance  of  the  Statntes,  notice  of  the  ensuing  Anniversarj* 
Sleeting  was  given  from  the  Chair,  ftud  the  list  of  Offioers  and  Coancil 
nominated  for  election  was  read  as  follows; — 

Presidenl.—Tbe  Lord  Kelvin,  D.C.L.,  LL.D. 

2V«wi»rer.— Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D. 

/  Professor  Michael  FoBt«T,  M.A.,  M.D. 
^'^''"^•"iThe  Lord  Bayleigh,  M.A.,  D.C.L. 

Foreign  Seeretary. — Sir  Archibald  Geikie,  LL.D. 

Other  Memhen  of  the  Ooaneil. — Captain  William  de  Wiveleslie 
Abney,  C.B. ;  Sir  Benjamin  Baker,  K.C.M.Q.,  LL.D. ;  Professor  Isaac 
Baylej  Balfonr,  M.A. ;  William  Thomas  Blanford,  F.G.S. ;  Professor 
George  Carey  Foster,  B.A. ;  Richard  Tetley  Glazehrook,  M.A. ; 
Frederick  Ducane  Godman,  F.L.8. ;  John  Hopkinson,  D.Sc. ;  Pro- 
fessor Joseph  Norman  Lockyer,  F.B.A.S. ;  Professor  John  Qray 
McKendrick,  MD. ;  William  Davidson  Niven,  M.A. ;  William  Henry 
Perkin,  LL.D.;  Bev.  Professor  B.  Price,  D.D. ;  the  Marqois  of 
Salisbury,  E.G.,  M.A. ;  Adam  Sedgwick,  M.A. ;  Professor  William 
Angnstns  Tilden,  D.Sc. 

The  following  Papers  were  read  : — 

I.  ■'  Ionic   Velocitiea."      By  W.  C.  Dampieb  Whetham,  BA., 

Fellow  of  Trinity  College,  Cambridge.     Communicated  by 

J.  J.  Thomson,  F.K.S.     Received  October  19,  1892. 

(Abstract.) 

In  order  to  explain  the  fact  that  during  the  electrolysis  of  a  salt 

Bolntion  the  ions  into  which  the  salt  is  divided  only  appear  at  the 

electrodes,  the  intervening  solution  being  analtered,  we  must  suppose 

that  the  ions  travel  in  opposite  directions  through  the  liqoid.     Ka\\\- 
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naach,  from  the  Tesnlta  of  a  series  of  experiments  on  the  condnctm- 
ties  of  salt  solntions,  conclnded  that  each  ion  {ravelled  through  dilnte 
solntiona  with  a  definite  speed  when  arged  forward  hj  a  definite 
potential  gradient,  independently  of  the  other  ion  present,  and  intro- 
dnced  the  idea  of  specific  ionic  velocitj.  He  calcnlated  the  valne 
of  this  velocity  for  many  sabstances,  nsing  his  own  oondnctivity 
measnrementa  to  give  the  arithmetical  snm  of  the  opposite  ionic 
velocities,  and  Hittorf's  "  migration  "  data  to  give  their  ratio.  From 
these  valnes  of  the  velocities  he  worked  out  the  conductivity  of  many 
salt  solntions,  and  the  agreement  with  observation  of  the  results  bo 
obtained  fnmished  the  first  confirmation  of  the  theory. 

Dr.  Oliver  Lodge  actually  observed  the  velocity  of  the  hydrogen 
ion  as  it  travelled  along  ,a  tube  containing  sodium  chloride  diasolved 
in  a  weak  jelly,  decolorising  phenol -phthalein  as  it  went.  He 
obtained  the  numbers  00029,  00026,  and  0-0021  cm.  per  sec.  as  the 
velooity  of  the  hydrogen  ion  under  a  potential  gradient  of  1  volt  per 
cm.,  while  Kohlransch  gives  0*0030. 

This  close  agreement  led  me  to  undertake  a  series  of  experiments 
in  order  to  find  a  method  of  determining  ionio  velocities  which 
would  work  under  more  reliable  conditions.     Consider  the  boundary 


of  two  salt  solutions  of  slightly  different  density  which  have  one  ion 
in  common,  bnt  are  of  different  colours  (fig,  I).  Let  ns  denoto  the 
salts  hj  AC  and  BG.      When  a  current  passes  across  the  boundary 
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tliere  wDl  be  a  transference  of  C  ions  in  ono  direction  and  of  A  and 
B  ions   in  the  other.      If  A  and    B  are   the  kations,   the   colour 
boundary  will  move  with  the  carrent,  and  its  Telocity  will,  in  any 
case,  indicate  the  velocity  of  the  ion  cansing  the  change  in  colour. 
The  apparatna  used  (fig.  2)  conaieted  of  two  vertical  glass  tabes 


abont  2  cm.  in  diameter,  joined  by  a  third  considerably  narrower, 
which  was  bent  parallel  to  the  others  for  the  greater  part  of  its 
length.  The  longer  tnbe  was  filled  with  the  denser  Bolntion  to  about 
the  level  A,  and  then  the  lighter  solution  was  run  into  the  other 
tnbe  from  a  burette  till  it  just  began  to  trickle  over  the  shoulder  and 
mn  down  to  A.  The  proper  solutions  were  then  run  into  the  two 
limbs  at  rates  just  sufficient  to  keep  the  junction  at  rest.  The 
cnrrent  was  passed  from  platinum  electrodes  which  coald  be  con- 
nected with  a  battery  of  twenty-six  accumulators  by  means  of 
platinum  wires.  The  corks  fitted  loosely  to  allow  any  gas  which 
might  be  evolved  to  escape. 

The  junction  tube  had  an  effective  length  of  138  cm.,  which, 
divided  into  the  total  difference  of  potential,  gave  the  potential 
gradient.  The  correction  due  to  changes  of  density  produced  by  the 
passage  of  the  current  can  be  shown  to  be  quite  n^IigibLe. 
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When  the  solntioiis  are  of  different  specific  resistance,  there  will 
be  a  discontinuity  of  potential  gradient  at  the  boundary  and  a  conse- 
quent electrification.  This  can  be  got  rid  of  entirely  by  using  solu- 
tions of  the  same  specific  resistance,  and  in  all  cases  the  effect  on  the 
velocity  of  the  boundary  is  non-reversible,  and  can  be  approximately 
eliminated  by  reversing  the  current  and  taking  the  mean  value  of 
the  velocity.  If  the  velocity  is  found  to  be  the  same  in  opposite 
directions  when  the  current  is  reversed,  the  effect  must  be  neg- 
ligible. 

The  first  solutions  used  were  those  of  copper  and  ammonium 
chlorides  dissolved  in  aqueous  ammonia.  The  copper,  solution  is  a 
deep  blue ;  the  other  colourless.  Their  strength  was  0*18  gram- 
equivalent  per  litre.  The  mean  velocity  when  the  current  was 
passing  upward  came  out  0*0406  cm.  per  minute,  and  when  passing 
downwards  0*0441  cm.  per  minute.  In  each  case  the  junction  moved 
with  the  current.  The  potential  gradient  was  2*73  volts  per  cm., 
which  gives  as  the  specific  ionic  velocity 

0*00026  cm.  a  second. 

Kohlrausch  gives  for  infinite  dilution 

0*00031  cm.  a  second. 

Solutions  of  potassium  permanganate  and  potassium  chloride  were 
taken  to  show  the  motion  of  the  acid  radicles,  and,  as  it  shoald,  the 
junction  moved  against  the  current.  If  we  assume  that  the  disappearance 
of  the  red  colour  can  only  occur  where  permanganate  is  replaced  by 
chloride,  the  motion  of  the  junction  can  be  taken  as  an  indication  of  the 
velocity  of  chlorine.  The  I'esult  for  solutions  of  0*046  gram-equiva- 
lent per  litre  was  0*00057  cm.  per  sec,  and  for  solutions  of  about 
one-tenth  this  strength  0*00059  cm.  per  sec.  Kohlrausch  gives 
000053  cm.  per  sec.  as  tbe  specific  ionic  velocity  of  chlorine. 

The  success  of  these  preliminary  experiments  led  me  to  attempt  to 
improve  the  method.  I  investigated  one  pair  of  salts  with  exactly  the 
same  specific  resistance  for  the  same  strength,  though  in  cases  where 
this  condition  is  nearly  fulfilled  (such  as  that  of  copper  and 
ammonium  chlorides),  the  error  thus  introduced  can  be  shown  to  be 
negligible. 

The  direct  estimation  of  the  potential  gradient  is  unsatisfactory, 
but  if  we  measure  the  specific  resistance  of  the  solution  (r),  the  area 
of  the  junction  tube  (A),  and  the  current  (7),  we  can  calculate  the 
specific  ionic  velocity  (vi)  from  the  observed  velocity  of  the  boundary 
(v),  for  it  is  easy  to  show  that 

rA 
yr 
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T£iB  method  waa  used  to  repeat  the  copper  determmation,  nsiiig 
BolntionB  whose  strength  was  O'l  gram-eqaivalent  per  litre.  The 
apeoifio  resistances  of  the  copper  and  ammoniiiin  chloridee  were 
measured  by  Il'itEpatrick's  method,  and  oame  out  157x10'  and 
117x  10*  in  C.G.S.  anits  reBpectively.  Thecarrent  was  measnred  by 
pausing  it  throngh  a  previonsly  graduated  galyanometer.  The 
velocity  of  the  jnnction  was  determined  by  reading  its  position  at 
different  times  by  means  of  a  kathetometer. 

When  the  current  was  passing  npwards,  the  upward  velooity  was 

1'70,  1*60, 1'53,  1"43  cm.  per  honr;  mean,  1'57  cm.  per  hour, 

and  when  it  was  passing  downwards,  the  downward  velocity  waa 

1'45,  1'65,  1'70  cm.  per  hour;  mean,  160  cm.  per  honr. 

This  gives  a  apeoifio  ionic  velocity  in  solntions  of  O'l  gram-eqaivalent 
of 

0-000309  cm.  per  sec. 

as  compared   with   KohlraUBch's   number  for  solutions  of  infinite 
dilution, 

0-00031  cm.  per  sec. 

Solutions  of  potassium  bichromate  and  potassium  carbonate  have 
specific  resistances  which  are  very  nearly  indeed  (within  3  per  cent.) 
the  same  for  the  same  strengths,  and  a  solution  of  carbonate  was 
adjusted  in  strength  till  even  this  small  differem:e  between  it  and  a 
U'l  sotntion  of  bichromate  was  much  reduced. 

The  first  point  I  investigated  with  these  solutions  was  the  influence 
of  change  of  potential  gradient  on  the  velocity.  These  should,  on 
Eohlransch's  Uieory,  obviously  be  proportional  to  each  other. 

At  first,  all  the  cells  available  were  used.  The  velocity  of  the 
junction  when  the  current  passed  downwards  was 

3-63,  3-39,  3-65,  3-24  cm.  per  hour ;  mean,  3  48  cm.  per  hour 

in  an  upward  direction. 

When  the  correut  was  sent  upward  the  velocity  was  downwards 
and  came  oat 

3'28,  3-55,  3'45  cm.  per  honr ;  mean,  3'4r3  cm.  per  hour. 

This  gives  v>  =  000048  cm.  per  sec. 

An  E.M.F.  of  about  one-third  that  used  above  was  then  applied. 

Mean  downward  velocity,  1'44  cm.  per  hour. 

„     upward  „        1'29    „  „ 

Vi  =  0-00047  cm.  per  sec. 
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T)ius  the  value  obtained  for  the  specific  ionic  velocity  is  indepen- 
dent of  the  E.M.F.  applied,  or  the  velocity  of  the  tons  is  proportional  io 
the  potential  gradient. 

The  experiments  with  the  large  E.M.F.  were  repeated  with  new 
solutions — 

Vi  =  0*00046  cm.  per  sec. 

The  specific  velocity  of  the  bichromate  group  is  not  g^ven  by 
Kohlrauscb,  but  'can  at  once  be  calculated  by  his  method  from  a 
knowledge  of  the  molecular  conductivity  (9*10  x  10~"),  which  was 
determined  by  Lenz,  and  of  the  migration  constant,  which  was  given 
by  Hittorf  as  0*502.     The  velocity  comes  out 

V,  =  0-000473, 

a  number  identical  with  the  mean  value  of    the    measurements 
described  above. 

In  order  to  estimate  the  effect  of  a  discontinuity  of  potential 
gradient,  another  determination  of  the  velocity  of  this  same  ion  was 
then  made,  the  carbonate  being  replaced  by  potassium  chloride, 
whose  conductivity  is  considerably  greater  than  that  of  the  bichromate 
(11-13  X  10-*'  and  9*10  X  lO"*').     Two  experiments  were  made  :— 

(i.)  Upward  velocity t;i  =  0*000516 1      _  0-000455 

Downward  velocity  . .  0*000394  r^  "^  ^  "^"^  ' 

(ii.)  Upward  velocity  ....     Vi  =  0*000483 1       _  ooona./!^ 
Downward  velocity  . .  0*000402  /  ""^  -  ^  uw^-id. 

These  numbers  show  that  the  effect  is  to  increase  the  velocity  in 
one  direction,  and  to  diminish  it  in  the  other,  while  (at  all  events,  if 
the  difference  of  specific  resistance  is  not  great)  the  mean  value  gives 
a  fair  approximation  to  that  obtained  when  solutions  of  identical 
conductivity  are  used. 

With  solutions  of  different  resistances,  the  junction  is  often  ob- 
served to  become  sharp  when  travelling  in  one  direction,  and  vague 
when  travelling  in  the  other.  This  is  owing  to  the  fact  that  any  ion 
which  gets  separated  from  the  main  body  finds  itself  in  a  region 
where  the  potential  gradient  is  different.  Its  velocity  is  therefore 
altered,  and  in  the  first  case  it  rejoins  the  ranks,  and  in  the  second 
it  gets  further  and  further  separated  from  them. 

The  investigation  was  also  extended  to  the  case  of  alcoholic  solu- 
tions. These  possess  a  very  much  less  conductivity  than  the  corre- 
sponding aqueous  ones,  and  the  question  whether  Kohlrausch's  theory 
still  held  good  seemed  of  great  interest.  No  data  for  the  migration 
constants  are  known ;  hence  a  modification  of  the  method  was  applied. 
An  experimental  measurement  oi  th^  ^eloc\t\fi«  of  both  ions  of  some 
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Bait  was  made,  and  their  sum  compared  with  the  value  deduced  from 
the  Qonductivitj'. 

The  first  aalt  used  was  cobalt  chloride,  the  alcoholic  eolation  of 
which  is  of  a  deep  blue  colour.  The  velocity  of  the  chlorine  ion  was 
meaaured  bf  setting  np  the  cobalt  chloride  with  cobalt  nitrate,  the 
colonr  of  which  ia  red,  and  that  of  the  cobalt  hy  a  cobalt  chloride  and 
calcium  chloride  pair,  the  latter  salt  being  oolourleas. 

Some  little  difficnitj  waa  encountered  in  getting  solutions  of  con- 
venient  strength.  If  very  weak,  the  oolonrs  were  not  easily  seen, 
while,  if  the  strength  approached  O'l  gram- equivalent  per  litre, 
iiregnlarities  of  behaviour  appeared.  Finally,  solntions  of  0'05  gram- 
equivalent  were  used,  but  even  here  the  effects  of  too  great  concentra- 
tion were  still  appreciable. 

Chlorine r,  =  0'000026 

Cobalt 0-000022 

The anm  is TJ  =  0000048 

This  can  be  calculated  from  the  conductivity  (a'SGxlQ-"),  and 
oomes  ont 

U  =  0-000060. 

Cobalt  nitrate  naa  then  inveBtif;ated.  Its  conductivity  is  greater 
than  that  of  the  chloride  (3*60  x  10'"),  which  leads  us  to  expect  that 
its  behaviour  will  be  normal  at  concentrations  greater  than  those 
ftt  which  the  chloride  becomes  irregular.  Such  was  found  to  be  the 
case.  We  should  also  suppose  that  its  agreement  with  theoiy  will 
be  closer.  The  pairs  used  were  cobalt  nitrate — cobalt  chloride  and 
«obalt  nitrate — calcium  nitrate. 

Nitrate  group  (SO,) Vi  —  O0OO035 

Cobalt u,  =  0000044 

The  sum  of  these  is 

U  =  0000079. 
The  value  calculated  from  the  conductivity  is 

XJ  -  0-000079. 

The  explanation  of  the  irregularities  observed  in  strong  solutions 
is  most  easily  found  by  the  supposition  that  complex  ions  are 
formed  as  the  strength  increases.  The  further  discussion  of  this 
point  is  postponed  till  some  more  experiments  I  am  making  are 
ready  for  publication. 

A  table  of  results  is  appended : — 
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Specific  Ionic  Yelocities. 
I.  Aqneous  Solations. 


Ion. 

Velocity 
observea. 

Veloci^  calculated 

from  Kohlrausch's 

theory. 

Copper . . . 4 •  • 

Chlorine  ,  *■,  ,m  r  ■,  *,  *  * 

0-00026* 
0*000809 

0  00067* 
0* 00069* 

0*00048 
0  00047 
0*00046 

000031 
0-00053 

0*000473 

Bichromate     group 
(CrA) 

II.  Alcoholic  Solntions. 


Salt. 

Velocity  of 

anion 
(obserred). 

Velocity  of 

kation 
(obserred). 

Sum  of 

Yelocities 

(observed). 

Sum  of 

velocities 

(calculated). 

Cobalt  chloride    ...••• 
Cobalt  nitrate • .  • 

0*000026 
0*000085 

0*000022 
0-000044 

0*000048 
0*000079 

0*000060 
0*000079 

11.  **  Memoir  on  the  Theory  of  the  Compositions  of  Numbers." 
By  P.  A.  MacMahon,  Major  R.A.,  F.R.S.  Received 
November  17,  1892. 

(Abstract.) 

In  the  theory  of  the  partitions  of  nnmbers  the  order  of  occurrence 
of  the  parts  is  immaterial.  Compositions  of  nnmbers  are  merely 
partitions  in  which  the  order  of  the  parts  is  essential.  In  the  nomen- 
clature I  have  followed  H.  J.  S.  Smith  and  J.  W.  L.  Glaisher.  What 
are  called  **  unipartite "  numbers  are  such  as  may  be  taken  to 
enumerate  undistinguished  objects.  "  Multipartite  "  numbers  enu- 
merate objects  which  are  distinguished  from  one  another  to  any 
given  extent ;  and  the  objects  are  appropriately  enumerated  by  an 
ordered  assemblage  of  integers,  each  int^er  being  a  unipartite 
number  which  specifies  the  number  of  objects  of  a  particular  kind ; 
and  such  assemblage  constitutes  a  multipartite  number.      The  1st 

*  Prelimiuary  determinations. 
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Seotdoo  treats  of  the  compoBitiona  of  nnipartite  nnmben  both  anolytt- 
oally  &nd  graphioally.  The  snbjeot  is  of  great  simplicity,  and  is 
only  given  as  a  suitable  introdnotion  to  the  more  difficalt  theory, 
connected  with  mnltipartite  numbers,  which  is  developed  in  the 
saoceeding  sections. 

The  inveetigfttion  arose  in  an  interesting  manner.  In  the  theory 
of  the  partitions  of  integers,  certain  partitions  opme  noder  view 
which  may  be  defined  as  possessing  the  property  of  involving  a 
partition  of  every  lower  int^er  in  a  unique  msjmer.  These  have 
been  termed  "perfect  partitions,"  and  it  was  curious  that  their 
BDOmeration  proved  to  be  identical  with  that  of  certain  expressionB 
which  were  obvionsly  "  compoaitionB  "  of  multipartite  numbers. 

The  2nd  Section  gives  a  pozely  analytical  theory  of  mnltipartite 
numbers. 

is  the  notation  employed  in  the  case  of  the  general  multipartite 
number  of  order  n.  The  p&rta  of  the  partitions  and  compositions  of 
such  a  number  are  themselves  mnltipartite  numbers  of  the  same 
order.     Of  the  number  21  there  exist 

FutiHoiM.  CompodtioDi. 

(M}_  m_ 

(20  01)  (^  01),  (01  20) 

(iioj_)  (ulo),  (ion) 

(lo*  01)  (10  01).  (10  01  io).  (01 W)- 

The  generating  function  whidi  enumerates  the  composition  has  the 
equivalent  forms 

Ai+A,+A,+... 

1— yij-Aj— A,— ,. .' 

tti— iii+a.— •■- 
1— s![,ai— a,— 0,— . .  .)' 

where    %„   a,  represent  respectively  the  sum   of  the   homogeneous 

prodnctB  of  order  «  and  the  sum  of  the  prodncf«  t  together  of 
qnantities 

and  die  number  of  compositions  of  the  multipartite 


is  the  coefficient  of  xifia%ft,,  .a^^  in  the  development  according  to 
ascending  powers. 
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Seotitm  3  U  t&ken  np  with  the  graphical  repreBentation  of  bipartite 
nnmbeis.  A  reticalation  is  formed  which  consiata  of  a  series  of 
poiots  through  each  of  which  straight  lines  pass  in  two  definite 
direotioDB,  the  bonndary  of  the  whole  being  a  paraUelogram. 


The  figure  AB  is  the  graph  of  the  number  54.  ^  composition  of 
this  number  is  defined  by  fixing  nodes  at  certain  points  which  possess 
the  property  that  no  point  is  at  once  above  and  to  the  left  of  any 
other  point;  the  parallelogram  between  adjacent  nodes  is  the  graph 
of  a  certain  nnmber,  and  in  passing  through  the  nodes  in  snccession 
from  A  to  B  an  ordered  assemblage  of  numbers  is  found  which  cou- 
stitntes  a  composition  of  the  number  which  is  represented  1^  the 
whole  graph. 

This  conception  leads  to  theorems  of  a  new  kind  which  are  general- 
ised in  Section  4  to  include  tripartite  and  multipartite  nnmbers. 
This  section  is  the  most  important  part  of  the  investigation.  It  is 
established  that 

*{l-*,(a«,  +  -,+  ...*a.)Kl-*,(ai,  +  8a,+  ...+,^)}...|l-,,(2„,t2a,^...+2^ 

is  also  a  generating  function  whioh  enumerates  the  compositions  ;  the 
coefficient  of 

being  the  number  of  compositions  possessed  by  the  multipartite 


The  generating  function  of  the  previons  section  2  may,  by  the 
addition  of  the  fraction  ^  and  the  substitution  of  ck],  Sis^,  Ac.,  for 
0]i  »i,  &c.,  be  thrown  into  the  form 


*  1  —2  (2j,«,— 2»i«»a,«,+  . . .  (,— l-+"«vft . , .  »^vn . . .  »,)' 


1892.]  Tln'orii  of  tJie  Coniposifions  <>f  XimJn'rs.  '2\y^ 

tied  liL'TU'e  tliesc  two  fractions,  in  rc'_r;ir(l  to  ilu;  tornis  in  tliciir  expan- 
sions which  are  products  of  powers  of  *iai,  52a-,  . . .  ,  Sn^m  must  bf; 
identical.     This  fact  is  proved  by  means  of  the  identity — 


'(1— «i(2ai  +  a3'l-  ...  -^an)^  |1— *j(2ai  +  2a3+  ..,  -^a^)^  ...  |1— *,  (2ai  +  2a2+  ...  +2« 

-4 1 

1—2  (S*iOi  —  2«|f2aiC4  +  . . .  (— )'»^**i*2  •  •  •  *««i«a  •  •  • ««) 

multiplied  by 

^     ,2(A«. +<iffi)...(A«i  +  aici)  — (A«i -t-Sflki)  .•.(A«i  +  2a«,) 

^*^  (1-S.J (l-8„) "i'«.-'«.. 

where 

Sic  —  #ic(2ai+  ...  +2a(c  +  a«+i+  ...  +o«)  —  #k(A«  +2a«), 

and  the  summation  is  in  regard  to  every  selection  of  t  integers  from 
the  series 

1|    2y    8y   .   •     .     f^ 

and  t  takes  all  values  from  1  to  n— 1. 

This  remarkable  theorem  leads  to  a  crowd  of  results  which  are 
interesting  in  the  theory  of  nnmbers.  One  result  in  the  pure  theory 
of  permutations  may  be  stated. 

Calling  a  contact  au»t  a  Truyor  contact  when  u  >  t^  the  number  of 
permutations  of  the  letters  in  the  product 

which  possess  exactly  s  major  contacts  is  given  by  the  coefficient  of 
in  the  product 

and,  moreover,  is  equal  to  the  number  of  permutations  for  which 

rt  denoting  the  number  of  times  that  the  letter  »t  occurs  in  the  first 

places  of  the  permutation. 

Section  5  gives  an  extension  of  the  idea  of  composition  and  of  the 
foregoing  theorems. 

The  geometrical  method  of  *'  trees  "  finds  hero  a  place,  and,  lastly^ 
there  is  tha  Inndameatal  algebraic  identity— 
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]c  {1  — *i  (Aroi  +  oj-h  ..  .  -^an)^  |1  — *2  (Arai  + Ara3+  .  ..0.)!  ...  |1— *«  (Aroi  +  itaj+  . ,,  +Ac:a„)l 

1  1 

k  1  —  >ti:#jOi  +  A:  (A:— 1)  £«i«2aiC4—  . . .  +  (— )'»Ar  ^A:— l)»-*#i«j  . . .  SnOLiO^i  . . .  a« 

maltiplied  by 

I  .  2  ^(A<t-Ktt,)...(A<.-l-at,)-(A<,  +  irafJ...(At.  +  ^atJ 

(Ar-l)(l-SO(l-Sg.,.(l-S«^  ii^...*^* 

which  redaces  to  that  formerly  obtained  when  h  is  given  the  special 
value  2. 
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Transactions. 

Berne: — Naturforschende  Gbsellschaft.  Mittheilongen.  1891.  Svo. 

Bern  1892.  The  Society. 

Calcutta: — Asiatic  Society  of  Bengal.     Proceedings.     1891.    Nos. 

7—10.     1892.    Nos.  1— 5.     8vo.     Calcutta;  Journal.     Parti. 

1891.      Nos.  2—3,   1892.      Nos.    1—2.      Journal.      Part  2. 

1891.  Nos.   2—3,   1892.    Nos.   1—2.    8vo.     Calcutta;  Title 
Page  and  Index  for  1891,  to  Journal,  Part  2.     8yo.     Cdldutta 

1892.  The  Society. 
Cambridge : — Philosophical   Socieiy.      Transactions.     Vol.    XV. 

Part  3.     4to.     Cambridge  ]  892.  The  Society. 

Cambridge,   Mass.: — Harvard  University.    Bulletin.      Vol.    VII. 

No.  1.     Svo.     ^Cambridge]  1892.  The  University. 

Museum  of  Comparative   Zoology,  Harvai*d  College.     Bulletin. 

Vol.  XXm.     No.  3.     8vo.     Cambridge,  The  Museum. 

Dantzic  : — Naturforschende  Gesellschaft.      Schriften.      Bd.  VIII. 

Heft   1.     8vo.     Danzig  1892 ;    Oeschichte   der  Oesellschaft, 

1743—1892.     8vo.     Danzig  1893.  The  Society. 

Delft : — Ecole  Polytechnique.     Annales.     Tome  VII.     Livr.  2 — L 

4to.     Leide  1892.  The  School. 

Dublin  : — Royal  Dublin  Society.      Scientific  Transactions.     Vol. 

IV.     Ser.   2.     Nos.   9—13.      4to.      Dublin  1891;    Scientific 

Proceedings.     Vol.  VII.     Parts  3 — L     8vo.     Dublin  1892. 

The  Society. 
Royal  Irish  Academy.      Transactions.      Vol.    XXIX.      Parts 

17—19.     4to.      Dublin  1891-92;     "Cunningham   Memoirs." 

No.  7.     4to.     Dublin  1892.  The  Academy. 

Geneva: — Institut  National  Qenevois.      Bulletin.     Tome  XXXI. 

8vo.     Geneve  1892.  The  iDstitute. 

Gloucester: — Cotteswold   Naturalists'  Field   Club.      Proceedings. 

Vol.  X.    Part  3.     8vo.     Gloucester  [1892].  The  Club. 
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Transactions  (conUnved). 

Gothenbni^: — Kon^l.  yetenskap8  0chyitterhetBSainli£lle.    Hand- 
ling«r.    Haft  20—25.    8vo.     Goieborg  1885-91. 

The  Society. 
Konigsberg: — Physikalisoli-Okonomisclie  Gesellschaft.    Schriften. 

1891.  4to.    Konigsberg ;  Beitrage  znr  Natnrkande  PrenBsena. 
Nos.  6—7.     4to.     Konigsberg  1890.  The  Society. 

Leeds: — Philosophical    and  Lit^rarf  Society.     Annnal  Beports. 

1869-71,  1874^75,  1891-92.     8vo.    Leed*.  The  Society. 

Leipsic : — ABtroQomiBche    Gesellschaft.      Abhandlnngen   (Math.- 

Phys.-Claase).    Bd.  XVIII.    Nos.  5—7.    8vo.    Leipzig  1892 ; 

Berichte     (Math.-Phys.    CUsse).     1892.    Heft    1—2.     8vo. 

Leipzig ;  YierteljahrHSchrift.  Jahrg.  27.  Heft  2.  Svo.    Leipzig 

1892;    Catalog  der  Astrouomische  Oeeellachaft.      Abth.    1. 

Stuck  5.     4to.     Leipzig  1892.  The  Society. 

London  : — Qnekett  Microscopical  Glnb.     Joamal.    Ser.  2.    Vol.  V. 

No.  31.     8to.     London  1892.  The  Clnb. 

Koyal   Agricnltnral    Society   of    England.      Joamal.      Ser.    3. 

Vol.  III.     Parts  2—3.     Svo.     London  1892.  The  Society. 

Boyal  Astronomical  Society.     Memoirs.     Vol.  L.     4to.     Londort 

1892.  The  Society. 
Boyal  College  of  Physicians.     Charter,  Bye-Laws,  and  B«gala- 

(dons.     1892.     8to.     London.  The  College. 

Boyal  College  of  Surgeons.     Calendar.     1892.     8to.     London, 

The  College. 
Boyal  Horticnltnral  Society.  Journal.   Vol.  XIV.   8yo.   London 

1892.  The  Society. 

Boyal  Meteorological  Society.    Meteorological  Beoord.    Vol.  XI. 

No.  43.    8vo.    London  1892.  The  Society. 

Boyal    Statistical  Society.     Jonmal.    Vol   LV.     Parts  2—3. 

London  1892.  The  Society. 

Boyal   United  Service    Institution.     Journal.      Vol.    XXXVI. 

Nos.  173—176.    Svo.    London  1892.  The  Institntion. 

St.   Bartholomew's  Hospital.     Statistical  Tables.     I89I.     8vo. 

London  1892.  The  Hospital. 

Society  of  Antiquaries.     Archteologia.    Vol.  LIU.    4to.    London 

1892.    Proceedings.    Vol.  XIV.     No.  1.     8to.    London  [1892]. 

The  Society. 

Society  of  Biblical  Arohseology.  Proceedings.  Vol.  XIV.  Part  8. 

8vo.     London  1892.  The  Society. 

University  College.     Calendar.     1892-93.    8vo.    London  1892. 

The  College. 
Victoria  Institute.     Journal   of  the  Transactions.     Vol.  XXV. 

Nos.  99— 100.     Vol,  XXVI.     No.  101.    8yo.    low  Am  [18921. 
The  Institute. 
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Transactions  (continued). 

Zoological  Society.    Proceedings.    1892.    Part  1.    8vo.    London. 

The  Society. 

Lund: — Universitet..     Ars-Skrift.      Tom.    XXVTI.      4to.     Lund 

1890-91.  The  University. 

Switzerland  : — Soci^t^  Helv^tiqne  des  Sciences  Natnrelles,  r6unie 

k  Fribourg.    Actes.    8vo.    Frihourg  1892  ;  Gompte  Rendu  des 

Travanx.    1891,    8vo.   Fribowrg ;   Nonveaux  M^moires.    Vol. 

XXXII.     Livr.  2.    4to.     Zurich  1891.  The  Society. 

Sydney: — Linnean  Society  of  New  South  Wales.     Proceedings. 

Vol.  VI.    Parts  2—4.     8vo.    Syd^^  1891-92. 

The  Society. 
Royal  Society  of  New  South  Wales.     Journal  and  Proceedings. 
Vol.  XXV.     8vo.     Sydney  [1892].  The  Society. 

University.     Calendar.     1892.     8vo.     Sydney, 

The  University. 
Tokio  : — Imperial    University  of   Japan.      Calendar.      1890-91, 
1891-92.     8vo.  Tohyo.  The  University. 

Toronto: — Canadian  Institute.     Transactions.     Vol.  II.     Part  2 
8vo.     Toronto   1892;     Annual  Archceological    Report.     8vo. 
Toronto  1891 ;  An  Appeal  to  the  Canadian  Institute  on  the 
Rectification  of  Parliament.     8yo.     Toronto  1892. 

The  Institute. 

University.     The  Benefactors  of  the  University  of  Toronto.    8vo. 

Toronto  1892.  The  University. 

Trieste : — Societll  Adriatica  di  Scienze  Naturali.    BoUettino.   Vol. 

XIII.    Parte  1—2.    8vo.     !ZVicffte  1891-92. 

The  Society. 

*  Trondhjem ; — Kongelige  Norske  Videnskabers  Selskab.     Skrif ter. 

1888-90.     8vo.     Throndhjem  1892.  The  Society. 

Tiibingen: — University.       Univeritats-Schriften  aus    dem  Jahre 

1891-92.     4to.     Tubingen  IS92.  The  University. 

Turin : — R.  Accademia  delle  Scienze.     Atti.     Vol.  XXVII.     Disp. 

9 — 13.     8vo.     Torino   [1892] ;   Osservazioni    Meteorologiche. 

1891.    8vo.     Torino  1892.  The  Academy. 


Observations  and  Reports. 

Bombay : — Government  Observatory.      Magnetical   and  Meteoro- 
logical Observations.     1890.     8vo.     Bombay  1892. 

The  Observatory. 
Calcutta: — ArchsBologicai  Survey  of  India.     Epigraphia   Indica. 
Vol.  II.     Part  9.     4to.     Calcutta  1892 ;  Monumental  Antiqui- 
ties and  Inscriptions  in   the  North- Western   Provinces  and 
Oudh.     4to.     Allahabad  1891.  The  Survey. 
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Observations,  Sks.  {contimMd). 

Geological  Snrvej  of  India.  Becords.  Vol.  XXV.  Parts 
2—3.     870.     Calcutta  1892.  The  Survey. 

Meteorological  Departmeal,  GkiTemment  of  India.  Monthly 
Weather  Review.  An^ust  to  December,  1691,  and  January, 
1892.  Ito.  Oalctttla;  Indian  Meteorological  Memoirs. 
Vol.  V.  P&rt  1.  4to.  Oaieutta  1892 ;  Observations  made  at 
Seven  Stations  in  India.  Aagost  to  December,  1891,  and 
January  1892.  4to.  [Catemtta] ;  Observations  at  Madras. 
January  to  December,  1891.    4to.    [Oofcwiia.] 

The  Department. 

Canada: — Geological    and    Tfatnral    History  Survey   of  Canada. 

Contributions  to  Canadian  Micro- PalEeoutology.     Part  i.     8vo. 

Ottawa  1892 ;  Catalogno  of  Canadian  Plants.     Part  6.     8vo. 

Ottawa  1892;  Maps  to  Annual  Beport,    1888-89.     [Sheets.] 

Ottawa  1891.  The  Survey. 

Cape  of  Good  Hope : — C)eodetio  Survey  of  South  Africa.     Beport. 

1892.     8vo,     Cape  Town.  Dr.  Gill,  F.KS. 

Chemnitz: — Konigl.  Sachs.  Meteor ologischea  Institut.     Jahrbuch. 

1891.  Halfte  1.    Abth.  1—2.    4to.    Chemnitz  1892. 

The  Institute. 
Christiania : — Iforwe^sches  Meteorologiscbea  Institnt.    Jahrbncli. 

1889-30.     4to.     Ohristiania  1891-92.  The  Institute. 

Eidinburgh : — Boyal  Observatory.    Circulars.    Noa.  28 — 32.    4to. 

[Sheet.]     1892.  The  Observatory. 

France: — Service  des    Topographies    Sontorraines.      Etudes    des 

Qites  Mineranz  de  la  France.     Bassin  Houiller  et  Permien  de 

Brive.     Faac.  1—2.     4to.     Fan*.     1891-92. 

The  Survey. 
Hongkong: — Observatory.     ObservatiooB.     1891.    Polio.    Song- 

kong  1892.  The  Observatory. 

India: — Survey   of  India  Department.     General  Beport   on    the 

Operations  of   the  Department,   1890-91.     Folio.     Calcutta 

1892.  The  Survey. 
London : — Army    Medical    Department.      Beport.      1890.     8vo. 

LoTtdon  1892.  The  Department. 

Potsdam : — Astrophysikalisches    Obaervatorinm.       Publicationen. 
Bd.  VII.    TheU  1.    4to.    Fotidam  1892. 

The  Observatory. 
Prague : — K.K.    Stemwarte.      Magnetische  und  Meteorologische 
Beobachtungen.     1891.     4to.     Frag  1892. 

The  Observatory. 
Vienna: — K.K.  Central- A nstalt    fur  Meteorologie  und   Erdmag- 
netismus.     Jahrbuoher.     Bd.  XXVII.     4to.     Wien  1892. 

The  InsUta^Qii. 
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K.K.  Gradmessnngs-Bareaa.  AstronomihChe  Aroeiten.    Bd.  III. 
8vo.     Wien  1891.  The  Bureau. 


Bergbohm  (J.)  Entwnrf  einer  Neuen  Integrah^echnung  anf  Grand 
der  Potenzial-  Logarithmal-  and  NnmenJreclmiing.  8vo.  Leipzig 
1892.  The  Author. 

Daubr^e  (A.),  For.  Mem.  B.S.  Application  de  la  M^thode  Ezp6ri- 
mentale  au  B61e  Possible  des  Gaz  Souterrains  dans  THistoire 
des  Montagues  Volcaniques.     8vo.     Paris  1892. 

The  Author. 

Fayrer  (Sir  J.),  F.R.S.     Poisoning  in  India.     8vo.     London  [1892]. 

The  Author. 

Forohhammer  (Dr.)  Collected  Papers  on  Subjects  relating  to  the 
Archaeology  of  Burma.     Folio.     [Various  dates.] 

The  India  Office. 

Lemoine  (E.)     £tude  sur  une  Nouvelle  Transformation  dite  Trans- 
formation Continue.   8yo.    Oand  1892 ;  Trois  Th^or^mes  sur  la 
G6om6trie  du  Triangle.     4to.     Paris  1892.     With  Two  Excerpts 
in  8vo.  The  Author. 

Lubbock  (Sir  J.),  F.B.S.  A  Contribution  to  our  Knowledge  of 
Seedlings.     2  vols.     8yo.     London  1892.  The  Author. 

Mcintosh  (W.  C),  F.R.S.  A  Brief  Sketch  of  the  Scottish  Fisheries, 
1882—1892.     8vo.     Dundee  1892,  The  Author. 

Pitt  Rivers  (General),  F.R.S.,  Excavations  in  Bokerly  and  Wansdyke, 
Dorset  and  Wilts,  1888—1891.  Vol.  HI.  4to.  [Printed 
Privately.]     1892.  '  The  Author. 

Royer  (C.)  Recherches  d'Optique  Physiologique  et  Physique.  8vo. 
Bruxelles  1892.  The  Authoress. 


TAst  of  Fellows  deceated. 


ANNIVEBSART  MEETING. 

The  LORD  KELVIN,  D.C.L.,  LL.D..  Pregidont,  in  the  Chair. 

The  Report  of  the  Anditors  of  the  Tre&aarer's  Acconnta,  on  the  part 
of  the  Society,  was  presented,  by  which  it  appears  that  the  total 
receipts  on  the  General  Account  during  the  past  year,  including 
'balances  carried  from  the  preceding  year  and  £1,300  received  from 
the  Meteorological  Office  for  the  purchase  of  Westwood  Bouse, 
amount  to  £ti,180  6«.  ild.,  and  that  the  total  receipts  on  account  of 
Trust  Fnnds,  including  balances  carried  from  the  preceding  year, 
amount  to  £6,779  llr.  4d.  The  total  expenditure  for  the  same  period, 
including  £l,300pBid  for  Westwood  House,  amounts  to  £7,021 15«.  Od. 
on  the  Genera)  Account,  and  £2,840  19«.  Id.  on  acconnt  of  Tmst  Fnnds, 
leaving  a  balance  on  the  General  Account  of  £1,125  10>.  4d.  at  the 
bankers',  and  £33  la.  7d.  in  the  hands  of  the  Treasurer,  and,  on 
acconnt  of  Trust  Funds,  a  balance  at  the  bankers'  of  £3,938  12s.  Zd. 

The  thanksof  the  Society  were  voted  to  the  Treasurer  and  Auditors. 

The  Secretary  then  read  the  following  Lists  : — 

Fellows  deceased  since  the  last  Anniversary  (Not.  30,  1891). 

HoyaA. 

Hia  Majesty  Pedro  II,  £jc-Emperor  of  Brazil. 

On  ihe  Some  List. 


Adams,  John  Conch,  D.Sc. 
Airy,  Sir  George  Biddell.K.C.B. 
Aitken,  Sir  William,  M.D. 
Bates,  Henry  Walter,  P.L.S. 
Bennett,  Sir  James  Kisdon,  M.D. 
Bowman,  Sir  William,  Bart.,  M.D. 
Bramwell,    Right    Hon.    George 

William  Witsher,  Lorf,  LL.D. 
CWird,    Right    Hon.   Sir    James, 

K.C.B. 
Calver,  Edward    Killwick,  Capt. 

B.N. 
Oh«k,FrederickLeGros,F.B.C.S. 


Devonshire,  William   Cavendish, 

Dnke  of,  K.G. 
Dittmar,  William,  LL.D. 
Grant,     Lient.-Col.     James    An- 

gnatns,  C.B. 
Grant,  Robert,  M.A. 
Gregory,  Right  Hon.  Sir  William 

Henry,  K.C.M.G. 
Henry,  William  Charles,  M.D. 
Hiret,  Thomas  Archer,  Ph.D. 
Hofmann,  Angast  WiUiulm  von, 

Ph.D. 
Hunt,  Thomas  Sterry,  LL.D. 
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Knowles,  Sir^  Francis  Charles, 
Bart.,  M.A. 

Paget,  Sir  George  Edward,  K.C.B. 

Ramsay,  Sir  Andrew  Crombie, 
LL.D. 

Eussell,  William  Henry  Leigh- 
ton,  A.6. 

Scborlemmer,  Carl,  LL.D. 


Sberbrooke,  Robert  Lowe,  Vis- 
count, G.C.B. 

Sutherland,  George  Granville 
William  SntberJand-Leveson 
Gower,  Duke  of,  K.G. 

Tennyson,  Alfred,  Lord,  D.C.L. 

Thomson,  James,  LL.D. 

Wood,  John,  F.R.C.S. 


On  the  Foreign  List. 

Kopp,  Hermann  Franz  Moritz. 

Kroneoker,  Leopold. 

Quatrefages  de  Breau,  Jean  Lonis  Armand  de. 

St  as,  Jean  Servais. 

Change  of  Name  and  Title, 

Play  fair.  Sir  Lyon,  to  Lord  Play  fair. 
Thomson,  Sir  William,  to  Lord  Kelyin. 


Fellows  elected  since 

Armstrong,     Lieut.-Col.     Robert 

Young,  R.E. 
Beddard,  Frank  Evers,  M.A. 
Devonshire,     Spencer     Compton 

Cavendish,  Dake  of,  K.G. 
Fleming,   Prof.    John    Ambrose, 

D.Sc. 
Foster,  Prof.  Clement   Le  Neve, 

D.Sc. 
Grndow,  Hans,  M.A.,  Ph.D. 
GifFen,  Robert,  LL.D. 
Gotch,      Prof.      Francis,      M.A., 

M.R.C.S. 


the  last  Anniversary. 

Herdman,  Prof.  William  Abbott, 

D.Sc. 
Herschell,    Right    Hon.    Farrer, 

Lord,  D.C.L. 
Hutton,  Capt.  Frederick  Wollas- 

ton,  F.G.S. 
Joly,  John,  M.A. 
Larmor,  Joseph,  D.Sc. 
Miall,  Prof.  Louis  C,  F.L  S. 
Peach,  Benjamin  Neve,  F.R.S.E. 
Pedler,  Prof.  Alexander,  F.I.C. 
Waller,  Augustus  D.,  M.D. 


Kiibne,  Willy. 

Mascart,  Cleuth^re  £lie  Nicolas. 


On  the  Foreign  List. 

Mendeleeff,  Dmitri  Ivanovitch. 
Newton,  Hubert  Anson. 


The  President  then  addressed  the  Society  as  follows : — 

Since  our  last  Anniversary  Meeting,  the  Royal  Society  has  lost  29 
Fellows  on  the  Home  List,  and  5  Foreign  Members,  a  sadly  great 
number. 

Pedro  (Dom)  II  (d' Alcantara),  Emperor  of  Brazil,  December  5, 
1891. 
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Bamw7,  Sir  Andrew  Gramble,  Daoember  9,  1891,  Kged  77. 
8tM,  Jean  Serroia,  December  IS,  1891,  aged  78. 
Bennett),  Sir  James  Bisdon,  December  14,  1891,  aged  62. 
DeTonsbire,  WUliam  Cavendish,  7th  Doke  oF,  Deoember  21, 1891. 

aged  83. 
Bnesell,  William  Heniy  Leighton,  December  28, 1891,  aged  68. 
Kronecker,  Leopold,  December  29,  1891. 
Wood,  John,  December  29,  1891,  aged  66. 
Airy,  Sir  George  Biddell,  January  2,  1892,  aged  90. 
Henry,  William  Charles,  January  7,  1892,  aged  88. 
Quatrefagee  de  Brean,  Jean  Louis  Armand  de,  January  12,  1892, 

aged  81. 
Adams,  John  Coach,  Jannary  21,  1892,  sged  72. 
Paget,  Sir  George  Edward,  Jannary  29,  1892,  aged  83. 
Caird,  Bight  Hon.  Sir  James,  February  9,  1892,  aged  76. 
Diltmar,  William,  Febronry  9,  1892,  aged  59. 
Grant,  (Lieat.-Col.)  Jnmes  Aogustas,  February  11,  1892,  aged  65. 
Hunt,  Thomas  Swriy,  February  12,  1892,  aged  66. 
Bates,  Henry  Walter,  Februaiy  16,  1892,  aged  67. 
Hiret,  Thomas  Archer,  February  IS,  1892,  aged  61. 
Eopp,  Hermann  Frane  Merits,  Febmary  20,  1892,  aged  75. 
Gregory,  Bight  Hon.  Sir  William  Henry,  March  6,  1892,  aged  75. 
KnowloB,  Sir  Francis  Charles,  Bart..  March  19,  1892,  aged  90. 
Bowman,  Sir  William,  Bart.,  March  29,  1892.  aged  76. 
Hofmann,  Aogust  Wilhelm  von,  May  5,  1892,  aged  74. 
Tl)om«on,  James,  May  8,  1892,  aged  71. 

Bmmwell,  George  William  Wilsher,  Lord,  May  9,  1892,  aged  81. 
Aitken,  Sir  William,  June  25,  1892,  aged  67. 
Sohorlemmer,  Carl,  Juno  27,  1882,  aged  58. 
Clart,  Frederick  Le  Gros,  Jnly  19,  1892,  aged  82. 
Sherbrooke,  Bobert  Lowe,  Viscount,  July  27,  1892,  a^  81. 
Sutherland,  George  Granville  William  Sutherland-Leveson  Gower, 

Duke  of,  September  22,  1892,  aged  64. 
Tennyson,  Alfred,  Lord  (Poet  Laureate),  October  6,  1892,  aged  83. 
Grant,  Proressor  Robert,  October  24, 1892,  aged  78. 
Calver,  (Captain)  Edward  Killwick,  October  28,  1892,  aged  79. 
Biographical  notices  will  be  found  in  the  Proceedings. 

The  work  of  continuing  the  '  Catalogue  of  Scientific  Papers '  is  being 
steadily  carried  on  with  tlie  resources  at  the  disposal  of  the  Society. 
The  Council  and  tlie  Catalogue  Committee  have  had  under  serious 
consideration  the  means  which  should  be  adopted  to  make  the 
Gatalogne  as  useful  and  as  complete  as  possible.  The  difficulties  on 
fin&ncial  and  other  grounds  are  very  great,  but  the  Council  is  rengW^ 
to  persevere  in  this  most  VBlaable  work. 
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During  the  past  year,  in  the  mathematical  and  physical  section  of 
the  *  Philosophical  Transactions,'  eighteen  papers  have  been  published, 
and  in  the  biological  section,  eleven ;  the  two  sections  together  con- 
taining a  total  of  1235  pages  of  letterpress,  and  50  plates.  Of  the 
'  Proceedings,'  fourteen  nambers  have  been  issued,  containing  1223 
pages,  and  20  plates.  This  unusually  large  bulk  is  partly  accounted 
for  by  the  publication  in  the  *  Proceedings '  of  certain  extra  matters 
which  the  Council  deemed  likely  to  interest  the  Fellows.  One  part 
(No.  307),  which  forms  an  Appendix  to  Volume  L,  contains  results  of 
the  Revision  of  the  Statutes,  to  which  I  alluded  in  my  Anniversary 
Address  last  year.  It  consists  of  a  summary  of  the  Second  and  Third 
Charters,  and  a  copy  of  the  Statutes  as  now  revised,  followed  by  an 
interesting  note  on  the  History  of  the  Statutes,  which  has  been 
drawn  up  by  our  Senior  Secretary,  Professor  Michael  Foster.  In  addi- 
tion to  these  matters,  the  same  number  contains  a  complete  List  of  the 
Portraits  and  Buste  at  present  in  the  apartments  of  the  Society,  com- 
piled by  order  of  the  Library  Committee,  a  work  which  was  much 
needed,  as  no  such  list  had  been  made  since  Weld*s  Catalogue,  printed 
thirty -two  years  ago.  The  new  "  list "  is  not  a  descriptive  catalogue, 
but  the  names  of  the  painters  and  donors,  and  the  dates  of  the  gifts, 
so  far  as  a  thorough  and  somewhat  laborious  examination  of  the 
Council  minutes  and  Journal  books  has  revealed  them,  are  furnished. 
The  List  of  Portraits  is  followed  by  a  full  descriptive  Catalogue  of 
the  Medals  at  present  in  the  possession  of  the  Society,  which  has  been 
carefully  made  by  our  clerk,  Mr.  James,  under  the  supervision  of  the 
Treasurer. 

Another  extra  number  of  the  *  Proceedings '  (No.  310)  is  devoted 
to  a  First  Report  of  the  Water  Research  Committee  on  the  Present 
State  of  our  Knowledge  concerning  the  Bacteriology  of  Water,  by 
Professors  Percy  Frank! and  and  Marshall  Ward.  It  contains  96  pages, 
full  of  most  valuable  information  regarding  the  vitality  of  micro- 
organisms in  drinking  water,  to  which  in  a  large  measure  the  spread 
of  Asiatic  cholera,  typhoid  fever,  and  other  zymotic  diseases  is  now 
known  to  be  due. 

In  my  Presidential  Address  of  last  year,  I  referred  to  this  Water 
Committee  as  having  been  appointed  by  the  Royal  Society,  in  alliance 
with  the  London  County  Council;  and  this  first  instalment  of  its 
work  seems  amply  to  justify  its  originators  in  their  expectations  of 
results,  most  valuable  for  the  public  health,  from  the  investigation 
which  has  been  commenced. 

A  third  extra  number  (No.  811)  contains  the  Report  of  the  Com- 
mittee on  Colour  Vision.  This  Committee,  from  the  time  of  ifca 
appointment  in  March,  18>^0,  held  over  thirty  meetings,  in  course  of 
which  it  examined  more  than  500  persons  as  to  their  colour  vision, 
mid  tried  various  methods  and  many  kinds  of  apparatus  for  colour 
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testing.  The  report  of  the  reaalt^  of  the  whole  inqairy  contniiiB  s 
large  miiHs  of  most  interestiDg  matter,  and  the  Committee's  work  ends 
in  a  Bet  of  pnuitioal  recommendations,  from  which  we  may  hope  that 
much  beneBt  will  come,  in  the  prevention  of  inconvenience  and 
dieaeter  liable  to  be  prt>dnced  b^  mistake  of  ooloar  signals,  both  at 
sea  and  on  railways. 

Ur.  Ellis's  commnnication*  to  the  Boyal  Society  of  last  May,  and 
Professor  Gryl la  Adams'  commamcationt  of  Jnne,  1691,  both  on  the 
Bnbject  ofHimnltaneons  magnetic  diaturbanceB  found  by  observations 
at  magnetic  observatories  in  different  parts  of  the  world  ;  the  award 
of  a  Royal  medal  two  years  ago  to  Hertz,  for  his  splendid  experi- 
mental work  on  electro-magnetic  waves  and  vibrations ;  and  Proftisaor 
Schuster's  communication  J  to  the  Bojal  Societj,  of  June,  1889,  on  the 
"  Diurnal  YHriations  of  Terrestrial  Magnetism  ;"  justify  me  in  saying 
a  few  words  on  the  present  occasion  regarding  terrestrial  magnetic 
stonns,  and  the  hypothesis  that  they  are  dne  to  magnetic  waves 
emanating  from  ihe  snn. 

Qoided  by  Uaxwell's  "  electro-magnetic  theory  of  light,"  and  the 
nndnlatoty  theory  of  propagation  of  magnetic  force  which  it  includes, 
we  might  hope  to  perfectly  overcome  a  fifty  years  outstanding  diffi- 
culty in  the  way  of  believing  the  sun  to  be  the  direct  canse  of  mag- 
netic Htorms  in  theeartfa,  though  hitherto  every  effort  in  this  dii-ection 
has  been  disappointing.  This  difficulty  is  ciearly  stated  by  Professor 
W.  G.  Ad&ma,  in  the  following  sentences,  which  I  qnote  from  his 
Report  to  the  British  Association  of  1881  (p.  469),  "On  Magnetic 
Disturbances  and  Eiirth  Currents  "  : — "  Thus  we  see  that  the  magnetic 
changes  which  take  place  at  various  points  of  the  earth's  surface  at 
the  same  instant  are  so  large  as  to  be  quite  comparable  with  the 
earth's  total  magnetic  force ;  and  in  order  that  any  cause  may  be  a 
ti-ue  and  sufficient  one,  it  mast  be  capable  ctf  producing  these  changes 
nipidly." 

The  primary  difficulty,  in  fact,  is  to  imngine  the  sun  a  variable 
magnet  or  electro- magnet,  powerful  enough  to  produce  at  the  earth's 
distance  changes  of  magnetic  force  amounting,  in  extreme  cases,  to 
as  much  as  1/20  or  1/30,  and  frequently,  in  ordinary  magnetic  storms, 
to  as  much  as  1/4^  of  the  undisturbed  terrestrial  magnetic  force. 

The  earth's  distance  from  the  sun  is  228  times  the  sun's  radius, 
and  the  cube  of  this  nnmber  is  about  12,UOO,000.  Hence,  if  the  sun 
were,  as  Gilbert  found  the  earth  to  be,  a  globular  magnet,  and  if  it 
were  of  the  same  average  intensity  of  magnetlsatiou  as  the  earth,  we 
see,  according  to  the  known  law  of  magnetic  force  at  a  distance,  that 
the  magnetic  force  due  to  the  sun  at  the  earth's  distance  from  it,  in 

•  'Boy.  Soc.  Proo.,'  NoTember,  1822,  tol.  52,  p.  191. 
t  '  FhU.  Trani.,'  toI.  183, 1691 -9i,  p.  131. 
i  'PbU.  Taut.,'  to!.  180, 1889,  p.  «T. 
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any  direction,  would  be  only  a  twelve-millionth  of  the  actual  force  of 
terrestrial  magnetisation  at  any  point  of  tbe  earth's  surface  in  a 
corresponding  position  relatively  to  the  magnetic  axis.  Hence  the 
snn  must  be  a  magnet*  of  not  much  short  of  12,000  times  the  average 
intensity  of  the  terrestrial  magnet  (a  not  absolntely  inconceivable 
supposition,  as  we  shall  presently  see)  to  produce,  by  direct  action 
simply  as  a  magnet,  any  disturbance  of  terrestrial  magnetic  force 
sensible  to  the  instruments  of  oar  magnetic  observatories. 

Considering  probabilities  and  possibilities  as  to  the  history  of  the 
earth  from  its  beginning  to  the  present  time,  I  find  it  unimaginable 
but  that  terrestrial  magnetism  is  due  to  the  greatness  and  the  rota- 
tion of  the  earth.  If  it  is  true  that  terrestrial  magnetism  is  a  neces- 
sary consequence  of  the  magnitude  and  the  rotation  of  the  earth, 
other  bodies  comparable  in  these  qualities  with  the  earth,  and  com- 
parable also  with  the  earth  in  respect  to  material  and  temperature, 
such  as  Venus  and  Mars,  must  be  magnets  comparable  in  strength  with 
the  terrestrial  magnet,  and  they  must  have  poles  similar  to  the  earth's 
north  and  south  poles  on  the  north  and  south  sides  of  their  equators, 
because  their  directions  of  rotation,  as  seen  from  the  north  side  of  the 
ecliptic,  are  the  same  as  that  of  the  earth.  It  seems  probable,  also, 
that  the  sun,  because  of  its  great  mass  and  its  rotation  in  the  same 
direction  as  the  earth's  rotation,  is  a  magnet  with  polarities  on  the 
north  and  south  sides  of  its  equator,  similar  to  the  terrestrial  northern 
and  southern  magnetic  polarities.  As  the  sun's  equatorial  surface- 
velocity  is  nearly  four  and  a  half  times  the  earth's,  it  seems  probable 
that  the  average  solar  magnetic  moment  exceeds  the  terrestrial  con- 
siderably more  than  according  to  the  proportion  of  bulk.  Absolutely 
ignorant  as  we  are  regarding  the  effect  of  cold  solid  rotating  bodies 
such  as  the  earth,  or  Mars,  or  Venus,  or  of  hot  fluid  rotating  bodies 
such  as  the  sun,  in  straining  the  circumambient  ether,  we  cannot 
say  that  the  sun  might  not  be  1000,  or  10,000,  or  100,000  times  as 
intense  a  magnet  as  the  earth.  It  is,  therefore,  a  perfectly  proper 
object  for  investigation  to  find  whether  there  is,  or  is  not,  any  dis- 
turbance of  terrestrial  magnetism,  such  as  might  be  produced  by  a 
constant  magnet  in  the  sun's  place  with  its  magnetic  axis  coincident 
with  the  sun's  axis  of  rotation.  Neglecting  for  the  present  the  seven 
degrees  of  obliquity  of  the  sun's  equator,  and  supposing  the  axis  to 
be  exactly  perpendicular  to  the  ecliptic,  we  have  an  exceedingly  simple 
case  of  magnetic  action  to  be  considered :  a  magnetic  force  perpen- 
dicalar  to  the  ecliptic  at  every  part  of  the  earth's  orbit  and  varying 

*  The  moon's  apparent  diameter  being  always  nearlj  the  same  as  the  sun's,  the 

statements  of  the  last  four  sentences  are  applicable  to  the  moon  as  well  as  to  the 

sun,  and  are  important  in  connection  with  speculation  as  to  the  cause  of  the  lunar 

di«turbance  of  terrestrial  magnetism,  disoovered  nearly  fifty  years  ago  by  Kreil  and 

Sabine, 
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inTerBel7  as  the  cabe  of  the  earth'g  distance  from  the  bod.  The  com> 
ponentfl  of  this  force  parallel  and  perpendicnlar  to  the  earth's  axis 
»re, reBpectively,  0*02  aad  04  of  the  whole ;  of  which  the  former  coald 
only  be  perceired  in  Tirine  of  the  varying  diatance  of  the  earth  from 
the  san  ia  the  course  of  a  yew? ;  while  the  latter  would  give  rise  to 
n  daily  variation,  the  same  as  would  be  observed  if  the  ited  ends  of 
terrestrial  magnetic  needles  mere  attracted  towards  an  ideal  star  of 
declination  0°  and  right  ascension  270°.  Hence,  to  discover  the  distarb- 
ances  of  terrestrial  magnetism,  if  an;  there  are,  which,  are  dae  to 
direct  action  of  the  snn  as  a  magnet,  the  photographic  curves  of  the 
t^ree  magnetic  elements  given  by  each  observatory  shonld  be 
analysed  for  the  simple  hannonio  cooetituent  of  annual  period  and 
the  simple  harmonic  constitnent  of  period  equal  to  the  sidereal  day. 
We  thus  have  two  very  simple  problems,  each  of  which  may  be 
treated  with  great  ease  sepanitely  by  a  much  simplified  application  of 
the  principles  on  which  Schuster  has  treated  his  much  more  complex 
aabjeot,  according  to  Gauss'  theory  as  to  the  external  or  internal 
origin  of  the  disturbance,  and  Professor  Horace  Lamb's  inveetigatioit 
of  electric  currents  induced  in  the  interior  of  a  globe  by  a  varying 
external  magnet.  The  sidereal  dinrnal  constitneat  which  forms  the 
subject  of  the  second  of  these  simplided  problems  is  smaller,  but  not 
much  smaller,  than  the  solar  dinrnal  term  which,  with  the  solar 
semi-dinrnal,  the  solar  ter-diarual,  and  solar  quarter  .diurnal  con- 
stitnents,  form  the  subjects  of  Schnsier's  paper.  The  coaolnsion  at 
which  he  has  arrived,  that  the  aoaive  of  the  disturbance  is  external, 
is  snrely  an  ample  reward  for  the  great  labour  he  has  bestowed  on 
the  investigation  hitherto ;  and  1  hope  he  may  be  induced  to  under- 
take the  comparatively  slight  extension  of  his  work  which  will  be 
required  for  the  separate  treatment  of  the  two  problems  of  the 
sidereal  diamal  and  the  solar  annual  constituents,  and  to  answer  for 
each  the  qaestion  : — Is  the  Bonrce  external  or  internal  P 

But  even  though  external  be  the  answerfound  in  each  case,  we  most 
not  from  this  alone  assume  ttiat  the  cause  is  direct  action  of  the  sun 
as  a  magnet.  The  largeness  of  the  solar  semi-diamal,  ter-dinmal, 
and  qnarter-diunial  coustitnente  ioaad  by  the  harmonic  analysis, 
none  of  which  could  be  explained  by  the  direct  action  of  the  snn  as  a 
magnet,  demonstnite  relatively  large  action  of  some  other  external 
influence,  possibly  the  electric  carrents  in  our  atmosphere,  which 
Sohnster  suggested  as  a  probable  cause.  The  cause,  whatever  it  may 
be,  for  the  semidiurnal  and  higher  constituents  would  also  probably 
have  a  variation  in  the  solar  dinrnal  period  vn  account  of  the 
difference  of  temperature  of  night  and  day,  and  a  sidureal  and  annual 
period  on  account  of  the  difference  of  temperature  betwepn  winter 
and  summer. 

£ven  if,  what  does  not  aeem  verj  probable,  we  are  to  ^w  Ved  by  t\w 


306  Anniversafy  Meeting.  [Nov.  80, 

analysis  to  believe  tbat  magnetic  force  of  the  san  is  directly  percep* 
tible  bore  on  the  earth,  we  are  qnite  certain  tbat  this  steady  force  is 
vastly  less  in  amount  than  the  abruptly  varying  force  wbicb,  from 
the  time  of  my  ancestor  in  the  Presidential  Chair,  Sir  Edward  Sabine's, 
discovery,*  forty  years  ago,  of  an  apparent  connexion  between  snn- 
spots  and  terrestrial  magnetic  storms,  we  have  been  almost  compelled 
to  attribute  to  disturbing  action  of  some  kind  at  the  snn*s  surface. 

As  one  of  tbe  first  evidences  of  this  belief,  I  may  quote  the  follow^ 
ing  remarkable  sentences  from  Lord  Armstrong's  Presidential 
Address  to  the  British  Association  at  Newcastle,  in  1863  : — 

'*  The  sympathy  also  which  appears  to  exist  between  forces  operate 
ing  in  the  sun  and  magnetic  forces  belonging  to  the  earth  merits  a 
continuance  of  that  close  attention  which  it  has  already  received  from 
the  British  Association,  and  of  labours  such  as  General  Sabine  has, 
with  so  much  ability  and  effect,  devoted  to  the  elucidation  of  the 
subject.  I  may  here  notice  that  most  remarkable  phenomenon  which 
was  seen  by  independent  observers  at  two  different  places,  on  the  1st 
of  September,  1859.  A  sudden  outburst  of  light,  far  exceeding  the 
brightness  of  the  sun's  sarface,  was  seen  to  take  place,  and  sweep 
like  a  drifting  cloud  over  a  portion  of  the  solar  face.  This  was 
attended  with  magnetic  disturbances  of  unusual  intensity,  and  with 
exhibitions  of  aurora  of  extraordinary  brilliancy.  The  identical 
instant  at  which  the  effusion  of  light  was  observed  was  recorded  hj 
an  abrupt  and  strongly  marked  deflection  in  the  self-registering 
instruments  at  Kew.  The  phenomenon  as  seen  was  probably  only 
part  of  what  actually  took  place,  for  the  magnetic  storm  in  the 
midst  of  which  it  occurred  commenced  before,  and  continued  after, 
the  event.  If  conjecture  be  allowable  in  such  a  case,  we  may  suppose 
that  this  remarkable  event  had  some  connexion  with  the  means  hj 
which  the  sun's  heat  is  renovated.  It  is  a  reasonable  supposition 
that  the  sun  was  at  that  time  in  the  act  of  receiving  a  more  than 
usual  accession  of  new  energy;  and  the  theory  which  assigns  the 
maintenance  of  its  power  to  cosmical  matter,  plunging  into  it  with 
that  prodigious  velocity  which  gravitation  would  impress  upon  it  as 
it  approached  to  actual  contact  with  the  solar  orb,  would  afford  an 
explanation  of  this  sudden  exhibition  of  intensified  light,  in  harmony 
with  the  knowledge  we  have  now  attained,  that  arrested  motion  is 
represented  by  equivalent  heat." 

It  has  certainly  been  a  very  tempting  hypothesis,  that  quantities  of 
meteoric  matter  suddenly  falling  into  the  sun  is  the  cause,  or  one  of 
the  causes,  of  those  disturbances  to  which  magnetic  storms  on  the 
earth  are  due.  We  may,  indeed,  knowing  that  meteorites  do  fall  into 
the  earth,  assume  without  doubt  that  much  more  of  them  fall,  in 

•  Coramunioation  to  the  Bojal  Society,  March  18, 1852  ('  Phil.  Timns.,'  vol.  162, 
p.  143). 
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the  Bame  time,  into  the  sun.  Astronomical  reasanB,  howerer,  led  me 
ioag  ago  to  oouolnde  that  their  quantity  annually,  or  per  centarj ,  or 
per  thonsand  years,  is  mach  too  small  to  snpply  the  energy  given 
out  by  the  sun  in  heat  and  light  radiat«d  through  space,  and  ted  me 
to  adopt  unqualifiedly  Helmholtz's  ^eory,  that  work  done  by  gravita- 
tion on  the  shrinking  mass  is  the  true  source  of  the  ann's  heat,  as 
given  ont  at  present,  and  has  been  so  for  several  hnndred  thoaaaiid 
years,  or  several  million  years.  It  is  joat  poaaihle,  however,  that  the 
outburst  of  brightneaa  deacribed  by  Lord  Armatrong  may  have  been 
due  to  an  extraordinarily  great  and  aadden  falling  in  of  meteoric 
matter,  whether  direct  from  eictra-planetary  space,  or  from  orbital 
drcnlation  round  the  bqu.  Bnt  it  seems  to  me  much  more  probable 
that  it  was  due  to  a  refreshed  brightness  produced  over  a  larger  area 
of  the  surface  than  usual  by  brilliantly  incandescent  fluid  rushing 
up  from  below,  to  take  the  place  of  matter  falling  down  from  the 
surface,  in  cooseqnence  of  being  cooled  in  the  regular  rigime  of  solar 
radiation.  It  aeema,  indeed,  very  improbable  that  meteors  fall  in  at 
any  time  to  the  aun  in  snSicient  quantity  to  produce  dynamical  dia- 
tnrbancea  at  hia  aorface  at  all  comparable  with  the  gigantic  atorms 
actually  produced  by  hot  fluid  rushing  up  from  below,  and  spreading 
oat  over  the  sun's  surface. 

But  now  let  ua  conaider  for  a  moment  the  work  which  mnat  be 
done  at  the  sun  to  prodnce  a  terreatrial  magnetic,  storm.  Take,  for 
example,  the  magnetic  storm  of  June  25,  1886,  of  which  Adams 
gives  particulars  in  his  paper  of  June,  1891  ('  Phil.  Trans.,'  p.  139 
and  PI.  9).  We  find  at  eleven  places,  St.  Petersburg,  Stonyhurst, 
Wilhelmshaven,  Utrecht,  Kew,  Vienna,  Lisbon,  San  Fernando,  Colaba, 
Batavia,  and  Melbourne,  the  horizontal  force  increased  largely  from 
2  to  2.10  P.M.,  and  fell  at  all  the  places  from  2.10  to  3  f.u.,  with 
some  rough  upa  and  downs  in  the  interval.  The  atorm  lasted  alto- 
gether from  about  noon  to  8  p.m.  At  St.  Petersburg,  Stonyhurst, 
and  Wilhelmshaven,  tie  hori«>ntai  force  was  above  par  by  0'00075, 
00t(088,  and  0  00090  (C.G.S.  in  each  case)  at  2.10  p.m. ;  and  below 
par  by  0  0OO7,  000066,  000075  at  3  o'clock.  The  mean  value  for  all 
the  eleven  places  was  nearly  00005  above  par  at  2h.  10m.,  and  00005 
below  par  at  3h.  The  photographic  curves  show  changes  of  some- 
what similar  amounts  following  one  another  very  irregularly,  but 
with  perfectly  simultaneous  correspondence  at  the  eleven  ditlierent 
stations,  through  the  whole  eight  houi-s  of  the  storm.  To  prodnce 
such  changea  as  these  by  any  possible  dynamical  action  within  the 
sun,  or  iu  his  atmosphere,  the  agent  must  have  worked  at  something 
like  160  million  million  million  million  horse-power*  (12  x  10"  ergs 
per  sec.),  which  is  about  361  times  the  total  horse-power  (3'3  x  10" 
OTga  per  boo.)  of  the  solar  radiation.  Thus,  in  thia  eiglit  ^loim  ol  •• 
•  J  bone  power  -  ?■«  x  IC^  srgi  per  seoond. 
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not  verj  serere  magnetic  storm,  as  much  work  must  have  been  dcme 
by  the  san  in  sending  magnetic  waves  out  in  all  directions  throagb 
space  as  he  actually  does  in  four  months  of  his  regular  heat  and 
light.  This  result,  it  seems  to  me,  is  absolutely  conclusive  against 
the  supposition  that  terrestrial  magnetic  storms  are  due  to  magnet io 
action  of  the  sun ;  or  to  any  kind  of  dynamical  action  taking  place 
within  the  sun,  or  in  connexion  with  hurricanes  in  his  atmosphere, 
or  anywhere  near  the  sun  outside. 

It  seems  as  if  we  may  also  be  forced  to  conclude  that  the  supposed 
connexion  between  magnetic  storms  and  sun-spots  is  unreal,  and  that 
the  seeming  agreement  between  the  periods  has  been  a  mere  coinci- 
dence. 

We  are  certainly  i^r  from  having  any  reasonable  explanation,  of  any 
of  the  magnetic  phenomena  of  the  earth  ;.  whether  the  fact  that  the 
earth  is  a  magnet ;  that  its  magnetism  changes  vastly,,  as  it  does  from 
century  to  century ;  that  it  has  somewhat  regular  and  periodic  annual, 
solar  diurnal,  lunar  diurnal,  and  sidereal  diurnal  variations ;  and  (as 
marvellous  as  the  secular  variation)  that  it  is  subject  to  magnetic 
storms.  The  more  marvellous,  and,  for  the  present  inexplicable,  all 
these  subjects  are,  the  more  exciting  becomes  the  pursuit  of  investi* 
gations  which  must,  sooner  or  later,,  reward  those  who  persevere  in 
the  work.  We  have  at  present  two  good  and  sure  connexions  be- 
tween magnetic  storms  and  other  phenomena :  the  aurora  above,  and 
the  earth  currents  below,  are  certainly  in  full  working  sympathy  with 
magnetic  storms.  In  this  respect  the  latter  part  of  Mr.  Ellis's  paper 
is  of  special  interest,  and  it  is  to  be  hoped  that  the  Greenwich  obser- 
vations of  earth  currents  will  be  brought  thoroughly  into  relation 
with  the  theory  of  Schuster  and  Lamb,  extended,  as  indeed  Professor 
Schuster  promised  to  extend  it,  to  include  not  merely  the  periodic 
diurnal  variations,  but  the  irregular  sudden  changes  of  magnetic 
force  taking  place  within  any  short  time  of  a  magnetic  storm. 

In  my  Presidential  Address  of  last  year  I  referred  to  the  action  of 
the  International  Geodetic  Union,  on  the  motion  of  Professor  Foerster, 
of  Berlin,  to  send  an  astronomical  expedition,  to  Honolulu  for  the 
purpose  of  making  a  twelve  months*  series  of  observations  on  latitude, 
corresponding  to  twelve  mouths'  simultaneous  observations  to  be 
made  in  European  observatories;  and  I  was  enabled,  through  the 
kindness  of  Professor  Foerster,  to  announce  as  a  preliminary  result, 
derived  from  the  first  three  months  of  the  observations^  that  the 
latitude  had  increased  during  that  time-  by  1^  sec.  at  Berlin,  and  had 
decreased  at  Honolulu  by  almost  exactly  the  same  amount.  The 
proposed  year*s  observations,  begun  in  Honolulu  on  the  1st  of  June, 
1891,  were  completed  by  Dr.  Marcuse,  and  an  elaborate  reduction  of 
them  by  the  permanent  Committee  of  the  International  Geodetic 
Union,  was  published  a  moulVi  Sbg;o  ^  "fiecSm.     ^\i<^  x^^wlta  «jre  in 
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aplflndid  agreement  witb  those  of  the  Enropean  obserratories : 
Berlin,  Prag,  and  Strasbonrg.  Thej  prove  beyond  all  question  that 
between  Hay,  1691,  and  June,  1892,  the  latitude  of  each  of  the  three 
Bnropean  observatories  was  a  mazimnm,  and  of  Honolnia  a  mini- 
mam,  in  the  beginning  of  October,  1891:  that  thA  latitude  of  the 
Enrupean  observaforiea  was  a  mininmm,  and  of  Honolnia  a  maiimam, 
near  the  beginning  of  May,  1892  :  and  that  the  variations  daring  the 
year  followed  somewhat  approximately,  simple  hairinOQic  law  as  if  for 
a  period  of  38A  days,  with  range  of  abont  ^  sec.  above  and  below  the 
mean  lalJtnde  in  each  case.  This  is  jost  what  woald  resnlt  from 
motion  of  the  north. and  soatli  polar  ends  of  the  earth's  instaotaneons 
axis  of  rotation,  in  circles  on  the  earth's  surface  of  7'£  metres  radius, 
at  the  nte  of  once  round  in  385  days. 

Sometime  previously  it  had  been  fonnd  by  Mr.  6.  C.  Chandler  that 
die  irregular  variations  of  latitude  which  had  been  discovered  in 
different  observatories  during  the  last  15  yeais  seemed  to  follow  a 
period  of  abont  127  days,  instead  of  the  306  days  given  by  Peters'  and 
Hazwell's  dynamical  theory,  on  the  snppoeition  of  the  earth  being 
wholly  a  rigid  body.  And  now,  the  German  observatJouB,  although 
not  giving  so  long  a  period  as  Cfaaiidter's,  quite  confirm  the  result 
that,  whatever  approximation  to  following  a  period  there  ia,  in  the 
variations  of  latitude,  it  is  a  period  largely  exceeding  the  old  estimate 
of  306  days. 

Newcomb,  in  a  letter  which  I  received  from  him  last  December, 
gave,  what  seems  to  me  to  be,  undoubtedly,  the  true  explsnation  of 
this  apparent  discrepance  from  dynamical  theory,  attributing  it  to 
elastic  yielding  of  the  earth  as  a  whole.  He  added  a  suggestion, 
specially  interesting  to  myself,  that  investigation  of  periodic  varia- 
tions of  latitude  may  prove  to  be  the  best  means  of  determining  ap- 
proximately the  rigidity  of  the  earth.  As  it  is,  we  have  now,  for  the 
first  time,  what  seems  to  be  a  quite  decisive  demonstration  of  elastic 
yielding  in  the  earth  as  a  whole,  under  the  influence  of  a  deforming 
force,  whether  of  centrifugal  force  round  a  varying  axis,  as  in  the 
present  case,  or  of  tide- generating  inflnences  of  the  sun  and  moon 
with  reference  to  which  I  first  raised  the  question  of  elastic  yielding 
of  the  earth's  material  many  years  ago. 

The  present  year's  great  advance  in  geological  dynamics  forms  the 
subject  of  a  contribution  by  Newcomb  to  the  *  Monthly  Notices  of  the 
Royal  Astronomical  Society,'  of  last  March.  In  a  later  paper,  pub- 
lished in  the  '  Astronomische  Nai;hrichteu,'  he  examines  records 
of  many  observatories,  both  of  Europe  and  America,  from  1865  to  the 
present  time,  and  finds  decisive  evidence  that  from  1865  to  1890  the 
variations  of  latitude  were  much  less  than  they  have  been  during 
the  past  year,  and  seeming  to  show  that  an  angioeiit&tioii  took  f\&cB, 
somewhat  suddanJ^,  »boat  the  year  1890. 
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When  we  consider  how  much  water  falls  on  Earope  and  Asia 
daring  a  month  or  two  of  rainj  season,  and  how  manj  weeks  or 
months  mnst  pass  before  it  gets  to  the  sea,  and  where  it  has  been  in 
the  interval,  and  what  has  become  of  the  air  from  which  it  fell,  we 
need  not  wonder  that  the  distance  of  the  earth's  axis  of  eqnilibrinm 
of  centrifugal  force  from  the  instantaneous  axis  of  rotation  shonld 
often  vary*  by  5  or  10  metres  in  the  coarse  of  a  few  weeks  or 
months.  We  can  scarcely  expect,  indeed,  that  the  variation  found 
by  the  International  Geodetic  Union  during  the  year  beginning 
June,  1891,  should  recur  periodically  for  even  as  much  as  one  or  two 
or  three  times  of  the  seeming  period  of  385  days. 

One  of  the  most  important  scientific  events  of  the  past  year  has 
been  Barnard*s  discovery,  on  the  9th  of  September,  of  a  new  satellite 
to  Jupiter.  On  account  of  the  extreme  faint ness  of  the  object,  it 
has  not  been  observed  anywhere  except  at  the  Lick  Observatory  ixt 
California.  There,  at  an  elevation  of  4500  ft.,  with  an  atmosphere 
of  great  purity,  and  with  a  superb  refractor  of  36"  aperture,  they 
have  advantages  not  obtainable  elsewhere.  The  new  satellite  is 
about  112,000  miles  distant  from  Japiter,  and  its  periodic  time  is 
about  11  h.  50  m.  Mr.  Barnard  concludes  a  short  statement  of  his 
discovery  with  the  following  sentences : — "  It  will  thus  be  seen  that 
this  new  satellite  makes  two  revolutions  in  one  day,  and  that  its 
periodic  time  about  the  planet  is  less  than  two  hours  longer  than  the 
axial  rotation  of  Jupiter.  Excepting  the  inner  satellite  of  Mars,  it  is 
the  most  rapidly  revolving  satellite  known.  When  sufficient  obser- 
vations have  been  obtained,  it  will  afford  a  new  and  independent 
determination  of  the  mass  of  Japiter.  Of  coarse,  from  what  I  have 
said  in  reference  to  the  difficulty  of  seeing  the  new  satellite,  it  will 
be  apparent  that  the  most  powerful  telescopes  of  the  world  only  will 
show  if'  (dated  Mount  Hamilton,  September  21,  1892). 

Sir  Robert  Ball,  in  calling  my  attention  to  it,  remarks  that  "  it  is 
by  far  the  most  striking  addition  to  the  solar  system  since  the  dis- 
covery of  the  satellites  to  Mars  in  1877."  To  all  of  us  it  is  most 
interesting  that  dunng  this  year,  when  we  are  all  sympathising 
with  the  noiversity  of  Padua  in  its  celebration  of  the  third  cen- 
tenary of  its  acquisition  of  Galileo  as  a  Professor,  we  have  first 
gained  the  knowledge  of  a  fifth  satellite  in  addition  to  the  four 
discovered  by  Galileo. 

The  President  then  presented  the  Medals  awarded  by  the  Society 
as  follows : — 


*  See  '  Brit  Assoc.  BepoTts,'  \Sl%y  Addxew^  U>  S^otiaiL  A,  pp.  10, 11. 
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COPLiT  Medal. 

Stidolph  VirfJtour. 

■  ProfeBSor    Yircliaw's    eminent    eerriceB    to    science    are    known 

thronghant  tlie  world,  and  they  are  far  too  varied  and  nnmeroos  for 

•nnneration. 

He  sorviveB  Schwann,  Henle,  and  tbe  other  pioneers  in  Beveral 
branches  of  natnral  histoty  who  came  from  the  school  of  Johannes 
liiiller,  and  at  the  present  time  occupies  a  position  of  inflaence  and 
hononr  eqnal  to  that  of  his  great  contemporaries  Helmholtz,  Lndwlg, 
and  Da  Bois-Beymond. 

Hia  contribations  to  the  stady  of  morbid  anatomy  have  thrown 
light  upon  the  diseases  of  every  part  of  the  body,*  but  the  broad  and 
philosophical  view  be  has  taken  of  the  processes  of  pathology  has 
done  more  than  his  most  brilliant  observations  to  make  the  science 
of  disease. 

In  histology  he  has  tbe  chief  merit  of  the  classification  into  epi* 
thelial  organs,  connective  tissues,  and  the  higher  and  more  specialised 
muscle  and  nerve.  He  also  demonstrated  the  presence  of  neuroglia 
in  the  brain  and  spinal  cord,  and  discovered  crystalline  hsmatoidine, 
and  the  true  structure  of  the  umbilical  cord. 

In  pathology,  strictly  so  called,  his  two  great  achievements — the 
detection  of  the  cellular  activity  which  lies  at  the  bottom  of  all 
morbid  as  well  as  normal  physiological  processes,  and  the  olaBsifics- 
tion  of  the  important  group  of  neir  growths  on  a  natnral  histological 
basis — have  each  of  them  not  only  made  an  epoch  in  medicine,  but 
have  been  the  occasion  of  fresh  extension  of  science  by  other 
laboarers. 

In  ethnological  and  archaeological  science  Professor  Tiivhow  has 
made  observations  which  only  the  greatness  of  his  other  work  has 
thrown  into  the  shade  ;  and,  so  far  from  continicg  himself  to  technical 
labours,  he  has  been  known  since  he  migrated  to  Wiirzbnrg  and 
returued  to  Derliu  as  a  public- spirited,  far-seeing,  and  enlightened 
politician.t 

Universally  honoured  and  personally  esteemed  by  most  of  the 
leading  pathologists  in  thin  conntry,  as  well  as  on  the  Continent  and 
in  America,  who  had  the  good  fortune  to  be  his  pnpils,  Professor 
Virchow  is  a  worthy  snccessor  of  the  many  illustrious  men  of  science 
to  whom  the  Copley  Medal  has  been  awarded. 

*  Among  tbesfl  maj  be  mentioned  hii  diTCOTery  of  leucnmis.  of  lardaceout 
dogeneration,  and  glioma  ;  hi>  recon  it  ruction  of  the  kind  of  tamour  known  aa 
■arcoma,  and  hii  eatablialinient  of  the  important  groap  of  granulomata. 

t  A  short  pamphlet,  "  Ucber  die  Nitionale  Bedentung  der  Nuturwissenacfaaften," 
may  be  mentioned  u  oharacberiitio  of  the  p»trioti«m,  tbe  hiraeu,  md  \ih«  ^tomS. 
judgment  of  the  author. 
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BuMFOBD  Medal. 
Nils  G,  Buner,  Director  of  the  ObaervcUory  of  Lund. 

Dr.  Dun^r  has  been  continuonslj  at  work,  since  1871,  at  astro- 
nomical observations  (see  'R.S.  Catalogue'). 

He  began  to  tarn  his  attention  to  spectroscopic  subjects  in  1878, 
and  commenced  the  publication  of  his  systematio  work  on  Stellar 
Spectra  in  1882. 

In  1884  he  brought  to  a  conclosion  his  wonderful  obserrations  of 
stars  of  Yogel's  III  Class.  His  memoir  contains  a  detailed  stndj  of 
the  spectra  of  nearly  400  stars,  all  which  are  the  most  difficalt  objects 
to  observe.  This  volume  is  one  of  the  foundations  on  which  any 
future  work  in  this  direction  must  be  based. 

In  1891  he  published  another  series  of  researches  on  the  rotation 
of  the  sun,  comparing  true  solar  with  telluric  lines  for  regions  up  to 
76°  of  solar  latitude.  The  result  showed  a  diminution  of  angular 
velocity  with  increasing  latitude,  thus  spectroscopically  confirming 
Carrington*s  results. 

BOTAL  MlDAL. 

Professor  Charles  Pritchard,  D.D.,  F,B.8,y  Diredor    of   the    Oxford 

University  Observatory. 

Professor  Pritchard  began  his  publications  on  astronomical  subjects 
in  1852.  His  first  paper  and  several  others  which  have  followed, 
have  dealt  with  the  construction  of  object  glasses  and  telescope 
adjustments. 

He  was  President  of  the  Royal  Astronomical  Society  in  the  years 
1867  and  1868, 

He  was  appointed  first  Director  of  the  newly-founded  observatory 
at  Oxford  in  1874.  It  is  now  the  most  active  University  observatory 
in  the  kingdom,  as  many  as  fifteen  students  receiving  instruction  in  ob- 
servatory work  at  times.  The  services  he  has  rendered  to  astronomy 
in  devising,  and  keeping  at  a  high  standard,  the  work  of  the  ob- 
servatory in  many  directions,  including  its  use  as  a  school,  are  very 
noteworthy. 

Immediately  on  the  establishment  of  the  observatory  he  saw  the 
beneficial  effects  of  photographic  investigation,  and  first  applied  the 
method,  with  the  old  wet-plate  photography,  to  the  problem  of  the 
physical  libration  of  the  moon.  He  saw  that  this  problem  was 
encumbered  4n  heliometrip  work  by  the  fact  that  a  set  of  the  ob- 
servations must  take  a  considerable  time,  and  therefore  they  were 
made  on  a  constantly  changing  disc,  necessitating  great  labour  in 
reduction.  By  the  observations  being  made  in  two  or  three  seconds, 
the  picture  of  the  moon  did  not  alter  in  the  time*     The  result  wai  to 
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■how  important  variationB  from  Bonvard's  work,  whicli  variationB  in 
their  important  particulars  were  con6rmed  by  Dr.  Hartwig. 

Ifezt  (1885)  the  relative  motions  of  the  Pleiades  were  taken  up 
with  a  view  of  traoiDg  gravitational  efieots  in  the  varioos  members 
of  the  gronp.  This  qaestion  is  not  ripe  for  aolving,  but  it  induced 
heliometer  observers  to  take  np  the  qaestion,  and  important  progress 
is  now  being  made. 

Th«  photometric  work  detailed  in  the  '  Uranometria  Nova  Ozon< 
lensis,'  also  published  in  18S5,  consisted  in  measnring  the  lighb 
received  from  all  stars  vrflibte  to  the  naked  eje,  to  10°  south  de- 
cJinstion,  hy  means  o(  a  wedge  photometer  devised  by  Professor 
Pritchard — a  form  of  photometer  now  in  the  hands  of  tnsmy  astrono- 
mers. In  the  course  oi  this  work  Professor  Pritchard,  at  bin  own 
expense,  took  an  assistant  to  Egypt  to  determine  the  effects  of  atmo- 
spheric  absorption  in  a  more  constant  climate  than  that  of  Oxford. 
This  pbotemetrio  work  has  been  recognised  by  the  award  of  the  Gold 
Medal  of  the  Royal  Astrouomical  Society. 

Having  folly  determined  the  capacity  ot  photography  for  accurate 
measurement,  Professor  Pritchard  next  applied  it  to  parallax  deter- 
minations of  stars  of  the  second  magnitude.  Some  thirty  stars 
altogether  have  been  investigated,  nod  this  work  is  now  in  the  press. 
Thirty  is  a  greater  nnmber  than  any  other  astronomer  has  attempted. 

Professor  I^tchard  is  now  working  on  the  International  Chart  of 
the  Heavens,  and  taking  part  in  researches  to  enenre  an  accarate 
photometric  scale. 

BoTiL  Medal. 

John  Newport  Langtey,  F.B.3. 

Some  of  the  most  important  of  Ur.  Lnngley's  researches  have  been 
upon  the  Physiology  and  Histology  of  Secreting  Glands.  Extending 
the  observations  of  Kiifane  and  Lea  on  the  pancreas,  Mr.  Langley 
showed  in  an  elaborate  series  of  researches,  extending  over  the  sali- 
vary  and  loost  of  the  important  secreting  glands  of  the  body,  that 
the  formation,  as  a  morphological  element  within  the  secreting  cell, 
at  the  expense  of  its  protoplasm,  oF  the  material  to  be  used  in  the 
secretion  is  a  general  functioa  of  necreting  cells.  The  dependence  of 
this  function  npoa  the  activity  of  nerves,  and  upon  other  forms  of 
excitation,  such  as  the  action  of  dings,  has  been  greatly  elucidated  in 
the  course  of  these  researches.  Coucarrently  with  the  morphological 
changes  within  the  cells,  the  chemical  changes  which  occur  within 
the  secretion  as  the  result  ot  nerve  activity  or  inactivity  have  been 
investigated,  and  many  important  facta  brought  to  light  regarding 
the  nature  of  the  action  or  modifications  of  the  action  which  maj  \)« 
brtBght  to  bear  npoa  the  aecretiog  cell  throuf^h  tli6  uec^oaa  ajatem. 
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These  researches  are  published  partly  in  the  *  Philosophical  Transac- 
tions,' and  partly  in  a  long  series  of  articles  in  the  '  Journal  of  Physio- 
logy/ which  have  extended  over  several  years.  It  is  not  too  mnch 
to  say  that  these  researches  of  Mr.  Langley  npon  secreting  glands 
give  him  a  claim  to  occupy  the  highest  rank  as  a  physiological 
investigator. 

The  other  most  important  researches  which  Mr.  Langley  has  pub- 
lished have  been — (1.)  Upon  the  central  nervons  system,  including 
especially  an  investigation  into  the  anatomical  changes  which  result 
from  central  lesions;  (2.)  Upon  the  sympathetic  nervous , system, 
and  particularly  a  number  of  researches,  based  upon  physiological 
methods,  into  its  peripheral  distribution  to  involuntary  muscle  and 
glands.  Mr.  Langley's  eminence  in  those  branches  of  physiology  to 
which  he  has  mainly  devoted  his  attention  is  universally  admitted, 
and  has  been  publicly  recognised  by  his  having  been  requested  more 
than  once  by  international  assemblies  of  physiologists  to  investigate 
and  report  on  difficult  cases  submitted  to  them  (vide  '  Transactions  of 
the  International  Medical  Congress,'  1881,  and  *  Proceedings  of  the 
Physiological  Congress  at  Basel,'  1890). 

Davt  Medal. 

Francois  Marie  Baoult^  of  Qrenohle,  Correspondent  of  the  Academy  of 

Sciences, 

The  accounts  of  Professor  Raoult's  researches  on  the  freezing  points 
of  solutions,  and  on  the  vapour  pressures  of  solutions,  form  a  long 
series  of  papers  which  have  appeared  from  time  to  time  in  the  '  Comptes 
Rendus '  and  *  Annates  de  Chimie,'  from  1871  down  to  the  present  time. 
Our  previous  knowledge  of  these  subjects  was  only  fragmentary  and 
disjointed,  but  he  has  placed  it  on  a  new  footing,  and  established 
general  laws  relating  to  the  depression  of  the  freezing  points  and 
lowering  of  the  vapour  pressures  of  liquids  holding  other  substances 
in  solution.  These  laws  are  of  great  importance,  both  to  chemistry 
and  physics.  Their  validity  is  not  disputed,  and,  while  theories  of 
solution  are  much  discussed,  it  is  acknowledged  that  no  theory  can 
stand  which  does  not  satisfy  the  conditions  which  Raoult,  by  an 
induction  from  a  very  large  number  of  observations  on  a  great  variety 
of  substances,  has  shown  to  be  the  order  of  nature. 

Darwin  Medal. 

Sir  Joseph  Dalton  Hooker,  F.B,8. 

Although  the  regulations  relating  to  the  award  of  this  medal  direct 
that  it  is  to  be  treated  rather  as  a  means  of  encouraging  young 
HA^nraJists  to  fresh  exertion  than  aa  a  reward  for  the  life-long  labours 
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of  tho  Tcteran,  tbera  would  aeem  to  be  a  special  approprtat«neBS  in 
awftrding  it  to  one  who  was  intimately  aasociated  yiith  Ur.  Darwin  in 
the  pi-eparation  of  the  '  Origin  of  Species.'  That  no  one  was  mora 
closely  associated  tbtm  Sir  J.  D.  Hooker  with  Mr.  Darwin  in  the 
work  is  abnndsiitly  proved  by  the  following  passage  in  the  intro- 
duction to  the  '  Origin  of  Species ' : — "  I  cannot,  however,  let  this 
opportanity  pass  without  expressing  my  deep  obligations  to  Dr. 
Hooker,  who,  for  the  last  fifteen  years  (184Jr-59),  hhs  aided  me  in 
every  possible  way  by  his  lai^  stores  of  knowledge  and  his  excellent 
judgment." 

The  Statntea  relating  to  the  election  of  Council  and  Officers  were 
then  read,  and  Sir  Emsmns  Ommanney  and  Mr.  Symons,  having  been, 
with  the  consent  of  the  Society,  nominated  Scrutators,  the  votes  of 
the  Fellows  present  were  taken,  and  the  following  were  declared  duly 
elected  as  Council  and  Officeis  for  the  ensuing  year; — 

Frei-ident.  —The  Lord  Kelvin,  D.C.L,,  LL.D. 

Tieatv.rer.~Sa  John  Evans,  K.C,B.,  D.C.L.,  LL.D. 

a       ,     ■         f  Professor  Michael  Foster,  M.A.,  M.D. 
^'"^""^-iThe  Lord  lUyleigh,  M.A..  D.C.L. 

Foreign  Seeretary. — Sir  Archibald  Geikie,  LL.D. 
Other  Memben  of  the  Couiicil. 

Captain  William  de  Wiveleslie  Abney,  C.B. ;  Sir  Benjamin  Baker, 
K.C.M.G.,  LL.D. ;  Professor  Isaac  Bajley  Balfour,  M.A. ;  William 
Thomas  Btanford,  F.G.S.;  Professor  George  Carey  Foster,  B.A. 
Bicliard  Tetley  Glazebrook,  M.A. ;  Frederick  Ducaue  Godman,  F.L.S. 
Jobu  Hopkinson,  D.Sc. ;  Professor  Joseph  Norman  Lockyer,  F.B.A.S. 
Professor  John  Gray  McKendrick,  M.D. ;  William  Davidson  Niven, 
M.A. ;  William  Henry  Perkin,  LL.D. ;  Rev.  Profeesor  B.  Price,  D.D 
the  Marquis  of  Salisbury,  K.G.,  M.A. ;  Adam  Sedgwick,  M.A. ;  Pro- 
fessor William  Augustus  Tilden,  D.Sc. 

The  thanks  of  the  Society  were  given  to  the  Scrutators. 
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The  following  Table  shows  the  progress  and  present  state  of  th) 
Society  with  respect  to  the  number  of  Fellows  : — 


PfttTon 

Fo«ign. 

Com- 

£4 

£3 

ToUL 

Not.  30,  1891    . . 
Since  Elected     . . 
Since  Deceased  . . 
Since  Componoded 

S 
-1 

46 
-4 

166 
+  8 
-14 

+   1 

1S8 
+  2 
-13 

161 
+  12 

-  2 

-  1 

516 
+  17 
-34 

NoY.  80,  1892    .. 

4 

42 

156 

127 

170 

499 

Account  of  Grants  from  the  Donation  Fund  in  1891-92. 

£    ».    d. 
Dr.  Woodward,  to  aid   Dr.  Hinde  in  illustrating  hii . 
Memoir  on   Sponge   Remains  from  the  Lower  Tertiary 
Strata  of  Oamaru,  N.Z 40    0    0 

F.  C.  Penrose,  for  aid  in  Researohes  "  oa  the  Orientation 

of  ancient  Greek  Temples" 100    0     0 

Prof.  W.  H.  Parker,  for  the  completion  of  Eesearches  on 
PnOoptenu 54    9     4 

G.  U.  GrifBths,  for  Investigations  ioto  the  Changes  in 
the  Specifio  Heat  of  Water,  and  tbe  Determinatioa  of  the 

Valne  ofJ 100     0     0 

Dr.  H.  Gadow,  for  Inveatigalions  into  the  Anatomy  of 
Elasmobranoh  Fishes    50     0     0 

Prof.  Schftfer,  to  aid  Dr.  Haycraft  in  Researches  on  the 
Intimate  Nature  of  Secretion !tO     0     0 

Col.  Godwin-Ansten,  to  aid  Mr.  W,  Doherty  in  the 
Collection  of  Land  Mollosca  in  the  Malay  Archipelago  . .      30     0     0 

W.  T.  Thiselton  Dyer,  for  obtaining  Botanical  Collec- 
tioQS  in  an  Expedition  to  Kilima-Njaro 50     0     0 

Mountain  Observatory  Committee,  for  completing  tele- 
scope        80     0     0 

£534    9    4 
Repayments 14  16     0 

£519  13    4 
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December  8,  1892. 

The  LORD   KELVIN,  D.C.L.,  LL.D.,  President,  followed  bj  Sir 
JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  President  announced  that  he  had  appointed  as  Vice-Presi- 
dents— 

The  Treasurer. 
Mr.  W.  T.  Blanford. 
Prof.  G.  C.  Foster. 
Prof.  Lockyer. 

The  following  Papers  were  read : — 

I.  "  On  the  Photographic  Spectra  of  some  of  the  Brighter 
Stars."  By  J.  NoRMAN  LoCKYER,  F.R.S.  Received  Novem- 
ber 3,  1892. 

(Abstract.) 

The  present  communication  consists  of  a  discussion  of  443  photo- 
graphs of  the  spectra  of  171  stars,  which  have  been  obtained  at 
Kensington  and  Westgate-on-Sea  during  the  last  two  years. 

The  chief  instrument  employed  in  this  work  has  been  a  6-inch  re- 
fracting telescope  in  conjunction  with — at  different  tim^ — objective 
prisms  of  7^°  and  45°  respectively. 

By  this  method  the  time  of  exposure  is  short,  and  good  definition, 
with  large  dispersion,  is  easily  secured.  The  spectra  thus  obtained 
will  bw^ar  enlargement  up  to  thirty  times  without  much  sacrifice  of 
definition. 

The  30-inch  reflector  and  slit-spectroscope  at  Westgate-on-Sea  have 
also  been  used  in  the  inquiry. 

My  object  has  not  been  so  much  to  obtain  photographs  of  the  spec- 
tra of  a  large  number  of  stars  as  to  study  in  detail  the  spectra  of 
comparatively  few. 

In  the  classifications  of  stars  adopted  by  others  from  a  considera- 
tion of  the  visual  observations,  only  the  broader  differences  in  the 
spectra  have  been  taken  into  account.  Professor  Pickering  has  more 
recently  employed  a  provisional  classification  in  connexion  with  the 
Henry  Draner  Memorial  photographs  of  stellar  spectra,  but  this 
chiefly  relates  lo  photogriiphs  taken  with  small  dispersion.     With 
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larger  dUpersion  it  becomes  neceasaiy  to  deal  with  the  presence  or 
absence  of  iodividnal  Iine»i.. 

In  the  first  instaace,  the  varioai  stars  ot  which  the  spectra  have 
been  photographed  at  Kensington  have  been  arranged  in  tnbles, 
withoat  reference  to  an;  of  the  existing  olassificatioTis,  and  talcing 
into  aooonnt  the  finer  details.  The  basis  on  which  the  main  tabular 
divisions  of  the  spectra  are  founded  is  the  amount  of  continnons  ab- 
sorption at  the  bine  end.  This  distinction  was  not  possible  in  the 
case  of  the  eye  observations. 

The  stars  included  in  the  first  table  are  characterised  by  the  ab- 
sence of  any  rumai-kable  continnons  absorption  at  the  bine  end,  and  by 
the  presence  in  their  spectra  of  broad  lines  of  hydrogen.  These  have 
been  further  claesiGed  in  fonr  sab- divisions,  depending  on  the  presence 
or  absence  of  other  lines. 

In  the  stars  of  the  second  table  there  is  a  considerable  amount  of 
continnons  absorption  in  the  ultra-violet,  and  the  spectra  beyond  K 
are  very  difficult  to  photograph  as  compared  with  the  stars  of  the 
first  table.  In  these  stars  the  thickness  of  the  hydrogen  lines  is  about 
the  same  as  in  the  solar  spectrum.     These  also  are  arranged  in  two 

In  all  the  stars  included  In  the  third  table  there  is  a  very  con- 
siderable amount  of  continuous  absorption  in  the  violet,  extending 
to  abont  G,  and  it  is  a  matter  of  great  difGcnlty  to  photograph  these 
spectra,  as  most  of  the  stars  of  this  class  are  below  the  3rd  magnitude. 
The  hydrogen  lines  are  very  thin.  One  snb-division  includes  the 
spectra  which  show  flntings  shading  away  towards  the  less  re- 
frangible end  of  the  spectrum.  The  other  comprises  stars  withont 
flatinga  in  their  spectra.  The  brightest  star  in  this  table,  a  Oriosis, 
is  discussed  in  detail,  the  result  tending  to  show  that  the  tempera- 
ture of  the  absorbing  iron  vapours  is  not  much  greater  than  that  of 
the  oxy-hydrogen  flame. 

The  relations  of  the  various  sub-divisions  to  which  reference  has 
been  made  are  then  traced. 

One  important  fact  comes  out  very  clearly,  namely,  that  whether 
we  take  the  varying  thicknesses  of  the  hydrogen  lines  or  of  the  lines 
of  other  sabstances  as  the  basis  for  the  arrangement  of  the  spectra, 
it  is  not  possible  to  place  all  the  stars  in  one  line  of  temperature. 
Thns,  there  are  stars  in  which  the  hydrogen  lines  are  of  the  same 
average  thickness,  while  the  remaining  lines  are  almost  entirely  dif> 
ferent.  These  spectra  cannot,  therefore,  be  placed  in  juzta-position, 
and  it  is  necessary  to  arrange  the  stars  in  two  series. 

The  next  part  of  the  paper  consists  of  a  discussion  of  the  photo- 
graphic reanlts  in  relation  to  the  meteoritic  hypothesis.  In  the 
Bakerian  Lecture  for  1888, 1  brought  together  the  varions  abeeryik- 
tions  of  the  spectra  of  stars,  comets,  and  nebnlte,  and  the  discuaaion 
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saorgested  the  hypothesis  that  a11  celestial  bodies  ai-e,  or  have  been, 
K warms  of  meteorites,  the  di£PereDce  between  them  being  dae  to 
different  stafifes  of  condensation.  The  new  classification  rendered 
necessary  by  this  hypothesis  differed  from  previons  ones,  inasmuch  as 
the  line  of  evolation  followed,  instead  of  locating  the  highest  tem- 
peratare  at  its  commencement,  as  demanded  by  Laplace's  hypothesis, 
placed  it  much  later.  Hence  bodies  of  increasing  temperature  were 
demanded  as  well  as  bodies  of  decreasing  temperature. 

The  question  how  far  this  conditioD  is  satisfied  by  the  new  facts 
revealed  by  the  photographs  is  next  discussed. 

This  involves  the  consideration  of  some  points  in  connexion  with 
the  hypothesis  to  which  brief  reference  alone  has  been  made  in  pre- 
vious communications.  The  phenomena  to  be  expected  on  the 
hypothesis,  and  the  actual  facts,  are  given  side  by  side  below. 

NebuUe. 

The  br'ght  lines  seen  in  nebul89 
should  have  three  origins : — 

(1.)  The  lines  of  those  sub- 
stances which  occupy  the  inter- 
spaces between  the  meteorites. 
Chief  among  these,  from  labora- 
tory experiments,  we  should 
expect  hydrogen  snd  gaseous 
compounds  of  carbon. 

(2.)  The  most  numerous  colli- 
sions between  the  meteorites  will 
be  partial  ones — mere  grazes — 
sufficient  only  to  produce  com- 
paratively slight  rises  of  tempera- 
ture. 

(3.)  There  will,  no  doubt,  be  a 
small  number  of  end-on  collisions, 
producing  very  high  temperatn res, 
and  there  should  be  evidence  of 
some  high-temperature  lines. 


(1.)  Ltnes  at  wave-lengths  ap- 
proximately very  closely  to  the 
lines  of  hydrogen,  and  to  some 
of  the  carbon  flatings,  appear  in 
the  spectra  of  nebulae. 


(2.)  There  is  a  fluting  most 
probably  due  to  magnesium  at 
X  500,  and  the  longest  flame  lines 
of  iron,  calcium,  and  maguesium 
are  seen. 

(3.)  The  chromospheric  line 
D,  and  another  line  at  X  4471 
(which  is  always  associated  with 
D3  in  the  chromosphere)  have 
been  recorded  in  the  spectrum  of 
the  Orion  Nebula. 


Bright-Line  Stars, 


The  lines  seen  in  the  spectra  of 
bright-line  stars  should,  in  the 
main,  resemble  those  which  ap- 
pear in  nebulep.  They  will  differ, 
however,  for  t\\o  reasons  given 
in  the  paper. 


Professor  Pickering  has  shown 
that  the  Draper  Memorial  photo- 
graphs prove  that  bright- line  stars 
are  intimately  connected  with  the 
planetary  nebulsB,  the  lines  in  the 
^spectra  being  almost  identical. 


1892.] 


Spectra  of  toiM  of  the  BrigkUr  Stare. 


Start  cf  htcreann^  Temperature. 

Stage  1. — Immediately  follow- 
ing the  staff e  of  condensation 
girinff  bright-line  stare,  the 
bright  liuee  from  the  interapaces 
vill  be  masked  fay  oorreBponding 
dark  ones,  due  to  absorption  of 
the  same  vaponrs  snr rounding  the 
incandescent  meteorites,  and  these 
lines  will  therefore  vanish,  from 
the  spectrum. 

Owing  to  the  interspaces  being 
restricted,  absorption  phenomena 
will  be  in  excess,  and  low-tem- 
peratnre  metallic  flating  abxorp- 
tion  will  first  appear.  The 
radiation  spectmm  of  the  inter- 
spaces will  now  consist  chiefly  of 
carbon. 

Under  these  conditions  the 
nmonat  of  continooos  absorption 
at   the    bine  end  will    be  at    a 


The  spectra  of  stars  given  in 
the  third  table  answer  these  re- 
qairemente.  They  show  no  bright 
lines  under  normal  conditioos.. 


Stage  2. — With  further  conden- 
sation, the  radiation  spectmm  of 
the  interspaces  will  gradually 
disappear,  and  dark  lines  replace 
the  flnliug  absorption  owing  to 
increase  o£  temperature,  tbongh 
this  line  absorption  need  nut 
necessarily  resemble  that  in  the 
solar  spectrum. 

Stage  3.— (1.)  The  line  ab- 
sorption and  the  continuous 
spectmm  at  the  blue  end  will 
diminish  as  the  condensations  are 
redaced  in  number,  as  only  those 
vapours  high  up  in  the  atmo- 
spheres surrounding  the  conden. 
sations  will  be  competent  to  show 
absorption  phenomena  in  conse- 
qneuce  of  the  bright  continnous 
spectrum  of  the  still  disturbed 
lower  levels  of  those  atmoapbavB. 


TUe  dark  flutings  intbe  visual' 
spectram  agree  very  cl  tsely  in 
po.iition  with  the  flutings  seen  in 
the  flame  spectra  of  manganese, 
lead,  and  iron.  The  evidence 
afforded  by  the  photographs 
proves  the  actaal  presence  of 
carbon  radiation. 

The  photographs  show  a  con- 
siderable  amount  of  continooos 
absorption  in  the  ultra-violet  and 
vioIeL 

The  spectra  consist  of  nnme- 
rons  dark  metallic  lines,  buttbey 
do  not  exactly  resemble  the  solar 
spectram.  ■  Taari  and  7  Cygai 
are  types  of  stare  at  this  stago. 


(1.)  These  conditions  are  safif- 
:d   by  soch  stars  an  a    Cygni, 

Rigel,  Bellatrix,  S  Orionis,  and 
Virginis.  In  these  there  is 
3  continuous  aboorption  at  the 
[ne  end,  tho  spuctra  coDsiatiiig 

of  simple  line  absorption. 
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(2.)  Lines  of  iron  and  other 
substances  will  disappear  at  this 
stage,  because  the  bright  lines 
fiom  the  interspaces  will  counter- 
act the  lines  in  the  same  posi- 
tions due  to  absorption  of  sur- 
rounding vapours. 

(3.)  The  chances  of  violent 
collisions  being  now  enormouslj 
increased,  we  should  expect  the 
absorption  of  very  high-tempera- 
ture vapours.  Tlie  solar  chromo- 
spherio  lines  mi^  be  taken  as 
examples  of  lines  produced  at 
such  temperatures. 


(2.)  In  the  spectrum  of  a 
Cygni,  which  represents  the 
earliest  example  of  this  stage, 
there  are  a  few  of  the  longest 
lines  of  iron,  but  in  ofcher  stars  of 
this  class  the  iron  lines  disappear. 

(3.)  The  new  linos  which  now 
appear  include  the  chromospheric 
line  at  X  4471,  and  possibly  a  few 
others. 


The  Hottest  Stars, 


The  order  of  the  absorbing 
layers  should  follow  the  original 
order  of  the  extension  of  the 
vapours  round  the  meteorites  in 
the  first  condition  of  the  swarm, 
and  the  lines  seen  bright  in 
nebulas,  whatever  their  origins 
may  be,  should  therefore  appear 
almost  alone  as  dai'k  lines. 


In  stars  like  «  AndromedsB  we 
have  absorption  lines  agreeing 
in  position  with  some  of  the  bright 
lines  which  appear  in  nebulsB. 


Stars  of  Decreasing  Temperature, 


Stage  1. — Owing  to  the  dimin- 
ishing depth  of  the  absorbing  at- 
mosphere, the  hydrogen  lines 
will,  on  the  whole,  get  thinner, 
and  new  lines  will  appear.  These 
new  lines  will  not  necessarily  be 
identical  with  those  observed  in 
the  spectra  of  stars  of  increas- 
ing temperature.  In  the  latfer 
there  will  be  the  perpeiual  explo- 
sions of  the  meteorites  afPecting 
the  atmospheres,  whereas  in  a 
coolin*^  mass  of  vapour  we  get 
the    absorption    of    the   highest 


Taking  SiriuA    as   a   type    of 
stars  in  the   first   stage  of    de- 


lavers  of  vapours.   The  firat  linea  \  cieaEvxi^^  \atcl^t^\*t)s^^  \\.  S&  1<^\\xl^ 
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that  itfl  spectram  shows  mftny  of 
the  longest  lines  of  iron. 

The  cooditiona  at  this  stage  of 
cooling  are  satisfied  bysnch  stars 
as  /3  Arietis  and  a  Persei.  In 
the  spectram  of  these  stars 
nearly  all  the  solar  lines  are 
foand,  in  addition  to  fairly  broad 
lines  of  hydrogen. 


to  appear,  however,  will  be  the 
longest  low- temperature  lines  of 
the  varions  chemical  elemeuts. 

Stage  2. — The  hydrogen  lines 
will  continue  to  thin  ont,  and  the 
spectra  will  show  many  more  of 
ths  high-temperatare  lines  of 
different  dements.  These  will 
differ  from  the  lines  seen  in  stars 
of  increasing  temperature  owing 
to  the  different  percentage  com- 
position of  the  absorbing  layers, 
so  far  as  the  known  lines  are  oon- 
cMmed. 

Stage  3. — With  the  further  There  is  undoubted  evidence 
ing  ont  of  the  hydrogen  of  the  presence  of  carbon  absorp- 
lines  and  reduction  of  tempera-  tion  in  the  solar  spectram  and 
tare  of  the  atmosphere,  the  ab-  the  spectrum  of  Arctarus,  the 
sorption  flntingsofthecomponnds  only  star  which  has  yet  been  i 
of  carbon  should  come  in.  vestigated  with  special  reference 

to  this  poiut. 

The  photogr^ihs,  then,  give  ns  the  same  results  as  the  one 
formerly  obtained  from  the  eye  observations. 

Comparison  is  then  made  between  the  groaps  in  the  classification 
first  suggested  by  the  eye  observations,  and  the  varions  suj)- divisions 
in  which  the  photographs  have  been  arranged. 


II.  "  On  the  Velocity  of  Crooken'  Cathode  Stream."     By  LORD 
Kelvin,  P.R.S.     Received  December  3,  1892. 

In  connection  with  his  splendid  discovery  of  the  cathode  stream 
(stream  from  the  cathode  in  exhausted  glass  vessels  subjected  to 
electric  force),  Crookes  found  that  when  the  whole  of  the  stream,  or 
a  large  part  of  the  whole,  is  so  directed  as  to  fall  on  2  or  3  sq.  cm.  of 
the  containing  vessel,  this  part  of  the  glass  becomes  rapidly  heat«d 
up  to  many  degrees,  as  much  as  200'  or  300*  sometimes,  above  the 
temperature  of  the  surroundings. 

Let  V  be  the  velocity,  in  centimetres  per  second,  of  the  cathpde 
stream,  and  />  the  quantity  of  matter  of  all  the  molecules  in  1  c.c.  of 
it.  Supposing  what  Crookes'  experiments  seem  to  prove  to  he  not 
far  from  the  truth,  that  their  impact  on  the  glass  is  like  that  of  in- 
elastic bodies,  and  tbat  it  spends  all  their  translatioual  eiieT^^  vn. 
heating  the  g^aaa.      The  energy  thus  spent,  pet  equaia  ceit.\.\m«\x« 
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of  Borfaoe  simok,  per  second  of  time,  is  ^/n;* ;  of  which  the  equiva- 
lent in  gramme-water-centigrade  thermal  units  is  iipprozimatel^ 
\  fiV^I4i2ftO0fi0O,  The  initial  rate  at  which  this  will  warm  the  glass, 
in  degrees  centigrade  per  second,  is 


10'x48.<ra 


(1), 


where  ^  denotes  the  specific  heat  of  the  glass,  and  A  the  thickness  of 
it  at  the  place  where  the  stream  strikes  it. 

The  limiting  temperature  to  which  this  will  raise  the  glass  is 

E     42,000,000     v^^ 

where  E  denotes  the  sum  of  the  emissivities  of  the  two  surfaces  of  the 
glass  in  the  actaal  circumstances. 

It  is  probable  that  p  differs  considerably  from  the  average  density 
of  the  residual  air  in  the  enclosure.  Let  us  take,  however,  for  a  con- 
ceivably possible  example,  p  =  10'^  which  is  what  the  mean  density 
of  the  enclosed  air  would  be  if  the  vessel  were  exhausted  to  8  x  10~* 
.  of  the  ordinary  atmospheric  density. 

To  complete  the  example,  take 

t;  =  100,000  cm.  per  sec. 

(being  about  twice  the  average  velocity  of  the  molecules  of  ordinary 
air  at  ordinary  temperature)  ;  and  take 

<ra  =  |-  cm., 

as  it  might  be  for  an  ordinary  glass  vacuum  bulb;  and  take 

which  may  not  be  very  far  from  the  truth. ' 

With  these  assumpticns,  we  find,  by  (1)  and  (2)  approximately,  1** 
per  second  for  the  initial  rise,  and  375*"  for  the  final  temperature, 
which  are  not  very  unlike  the  results  found  in  some  of  Crookes' 
experiments. 

The  pressure  of  the  cathode  stream  of  the  velocity  and  density 
which  we  have  assumed  by  way  of  example  is  pt^,  or  1 00  dynes  per 
square  centimetre,  or  about  100  milligrams  heaviness  per  square  centi- 
metre, which  is  ample  for  Crookes'  wonderful  mechanical  results. 

The  very  moderate  velocity  of  1  kilom.  per  second  which  we  have 
assumed  is  much  too  small  to  show  itself  by  the  optical  colour  test. 
The  fact  that  this  test  has  been  applied,  and  that  no  indication  of 
velocity  of  the  luminous  molecules  has  been  found,  has,  therefore,  no 
validity  as  an  objection  against  Crookes*  doctrine  of  the  cathode 
stream. 


12.]        (}n  the  PoHerior  Rooti  of  tome  Spinal  Nervet. 


III.  "  Experiments  in  Ezatninatioa  of  the  Peripheral  Diatribn- 
tion  of  the  Fibres  of  the  Posterior  Roots  of  some  Spinal 
Nerves."  By  C.  S.  SHEBRrNOTOH,  M.A..  M.D.,  Lecturer  on 
Phydiology  at  St.  Thomas's  Hospital,  London.  Commu- 
nicated by  Professor  M.  Foster,  Sec.  R.S.  Received 
December  2,  1892. 

(From  Uie  Phjtiologiol  lAonAotj  of  St.  Hiodiu'i  Hoipital,  London.) 
(Abstract.) 

Aiter  reference  to  the  experimental  reaearches  of  Eckh&rd,  Peyer, 
Erante,  EoschewnikofE,  Meyer,  and  Tiirck,  and  to  tbe  anatomical  of 
Herringham  and  Paterson,  mention  is  made  of  clinical  obscrvationi 
by  Tliorbnm,  Starr,  Mackenzie,  Head,  and  otbera.  The  methods 
emptojed  by  the  author  in  experiments  on  the  Frog,  Cat,  and  Uo&key 
are  then  detailed.  In  the  two  latter  animals  the  effect  of  consecutive 
sections  in  ascending  or  descending  series  upon  the  reflex  movement 
elicitable  by  electrical  excitation  of  the  central  end  of  a  peripheral 
nerve  was  aheerred,  and  followed  as  a  guide  to  the  central  connexions 
of  the  nerve.  In  the  first-  and  last- mentioned  animals  mechanical 
excitation  of  tbe  ^ntaneons  anrface,  after  previous  section  of  a  number 
of  posterior  roots  above  and  below  the  root  to  be  eztmined,  was  em* 
ployed  to  detect  the  peripheral  distribntion  of  the  nerre-root  in 
the  skin.  The  various  experiments  performed  are  individually 
described,  and  the  resalts  of  each  series  are  collated.  The  cutaneous 
fields  of  the  thoracic  and  poat-thoracio  afferent  spinal  roots  are  shown 
in  photc^raphs,  and  in  sketches  made  at  the  time  in  the  laboratory. 
The  photographs  illustrate  also  the  chief  outlines  of  the  segmental 
skin-fields  of  the  cervical  sensory  roots  ;  bat  description  and  discus- 
eioD  of  the  roots,  above  the  1st  thoracic,  at«  reserved  for  a  fntore 
communication. 

The  author  finally  proceeds  to  draw  conclusions  of  the  following 
nature : — 

The  field  of  skin  belonging  to  'each  sensory  spinal  root  may  be 
called  the  segmental  skin-field,  in  each  segmental  tield  reflex  reaction 
is  less  easily  elicitable  near  the  edge  of  the  field  than  from  the  field 
elsewhere.  The  segmental  fields  do  not  present  the  same  configura- 
tion as  do  the  fields  of  the  peripheral  nerves. 

Although  in  a  plexus  each  posterior  spinal  root  gives  separate  con. 
tribntions  to  many  several  nerve-trunks,  the  cutaneous  distribntion  of 
the  root  is  composed  not  of  patches  whicj;  are  disjoined,  but  of  patches 
which  are  so  joined  tbat  the  distribution  of  the  entire  root  iormH 
aao  coatioaous  Seld.     Similariiy  of  the  root  compoution  ol  xieiftt- 
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bouriug  nerve-twigs,  that  are  near  their  destination,  is  a  necessity  of 
this  arrangement.  Thus,  the  dorsal  collateral  digital  nerve,  on  the 
tibial  side  of  a  digifc,  will  resemble,  in  composition,  the  plantar 
collateral  digital  on  the  tibial  side  of  the  same  digit,  althongh  thej 
are  derived  from  separate  parent  trunks.  This  is  comparable  to  the 
similarity  of  root  composition  exhibited  by  the  several  motor  twigs 
entering  one  and  the  same  muscle.  Thas,  the  tibialis  anticas  fre- 
quently receives  fibres  from  three  motor  spinal  roots,  and  receives 
those  fibres  by  at  least  three  several  nerve-branches  entering  it;  the 
i*oot  composition  of  each  of  the  nerve-branches  is  approximately  the 
same.  The  dorsal  digital  supplying  the  cleft  between  the  1st  and 
2nd  digits  is  interpolated  in  the  series  of  digitals  from  the  muscnlo- 
cataneoas  nerve,  althongh  it  comes  itself  from  the  anterior  tibial. 
Yet  it,  by  its  root  composition,  falls  into  perfect  series  with  the  other 
digital  nerves. 

Each  segmental  skin-field  spreads,  to  a  certain  extent,  across  neigh- 
boaring  segmental  skin-fields.  It  baa  a  fore-lap  extending  into 
segmental  fields  immediately  anterior  to  it;  and  an  after-lap  extend- 
ing into  fields  immediately  posterior ;  it  has  also  cross-laps  extending 
into  the  corresponding  fields  on  the  other  lateral  half  of  the  body, 
both  at  the  mid-dorsal  line  (the  dorsal  cross^lap)  and  the  mid-ventral 
line  (the  ventral  cross-lap).  The  fore-lap  and  the  after-lap  are, 
throughout  the  body,  very  great,  and  each  region  of  skin  appears  to 
be  supplied  by  at  least  two  sensory  spinal  roots.  The  over-lap  of  the 
skin-fields  of  the  individaal  filaments  of  a  posterior  root  is  great. 

The  shape  of  a  segmental  skin^ field  is,  where  simplest,  e.^.,  in  the 
trunk  and  neck,  l)and-like,  wrapping  transversely  round  one  lateral 
half  of  the  body ;  it  has  fairly  parallel  edges,  but  is  somewhat  broader 
near  its  ventral  than  at  its  dorsal  end.  In  the  limb  the  segmental 
skin-fields  are  distorted  from  the  simple  band-like  type.  The  distor- 
tion of  each  segmental  field  in  the  hind-limb,  and  of  some  in  the  fore- 
limb,  is,  in  the  full  paper,  analysed,  and  for  each  the  true  anterior 
border,  the  true  posterior  border,  and  the  true  dorsal  and  ventra 
borders  are  found.  This  analysis  is  only  possible  after  it  has  been 
recognised  that  in  the  limb  the  cutaneous  segments  are  not  only  dis- 
torted but  are  seemingly  dislocated  from  their  attachments  to  the 
mid-dorsal  and  mid-ventral  lines  of  the  trunk. 

The  mid-dorsal  line  of  the  body  may  be  said  to,  in  the  region  of  the 
limb,  extend  outwards  as  a  side  branch,  a  secondary  axis,  almost  at 
right  angles  to  itself.  The  same  is  done  in  the  same  region  by  the 
mid- ventral  line.  Upon  these  dorsal  and  ventral  side  lines  as  upon 
secondary  dorsal  and  ventral  axes,  the  cutaneous  segment43  of  the 
limb  are  ranged,  as  though  upon  folded  portions  of  the  axial  lines  of 
the  trunk  itself. 

The  axial  lines  for  t\ie  \iin4-\\iiib  \i\wiV.  oxs^.^rojc^  Vcwdl  ^^  VarosiK. 
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axis  in  a  somewhat  backward  as  well  as  lateral  direction ;  those  for 
the  foro-Iimb  converaely  elope  somewhat  forward  as  well  ae  outward. 
The  dvrial  azial  line  in  the  hiod-limb  miui  from  the  mid-dorBnm 
over  the  sacrum,  past  the  back  of  the  hip-joint,  and  along  the  onter 
face  of  the  thif^h  nearly  to  the  knee.  Of  the  dorsal  axial  line  of 
the  fore  limb  only  the  most  proximal  part  is  described  by  the  pre- 
Bent  experiments ;  that  part  rnns  from  the  mid-dorsnm  outwards 
and  forwards  over  the  infra-spinons  fossa  of  the  acapnia.  The  ventral 
axial  line  of  the  hind-limb  mns  from  the  front  of  the  boiiy  of  tha 
pabes  to  the  inner  border  of  the  thigh,  and  descends  along  the 
jnnction  of  the  extensor  and  addnctor  gronpa  of  mnacles  nearly 
to  the  knee.  The  ventral  axial  Una  of  the  fore-limb  is  in  the  present 
experiments  only  followed  for  its  proximal  part;  that  part  lies  on 
the  chest  close  below  the  clavicle. 

The  position  of  these  secondary  axes  having  once  been  fonnd  (by 
methods  described  in  the  paper)  in  the  limb,  it  is  not  difficalt  to 
examine  the  degree  of  apparent  dislocation  of  errch  segmental  field 
and  the  nature  of  its  distortion.  In  the  segmentally  anterior  axpect 
of  the  limb  each  segmental  field  has  been  carved  ho  as  to  present  a 
very  convex  posterior  edge,  and  the  after-lap  of  the  field  is  very  large. 
In  the  segmentally  posterior  aspect  of  the  limb  each  segmental  Geld 
has  been  cnrved  so  as  to  present  a  very  convex  anterior  edge,  and  the 
fore-lap  of  the  field  is  very  large.  The  dorsal  and  ventral  borders  of 
the  fields  are,  in  the  limb,  not  mach  tDcreaaed  in  length.  Owing  to 
their  serial  arrangement  along  the  secondary  fnid-dortum  and  viid- 
venter  of  the  limb  there  is  a  secondary  cross-lap  of  the  fields  there  of 
snch  a  kind  that  a  segmental  field  may  there  cross-lap  with  a  s^- 
mental  field  far  distant  from  it  in  the  segmental  series ;  thns  the  9th 
post-thoracic  field  may  cross-lap  with  the  4th  post-thoracic  field. 

This  dislocation  of  some  of  the  segmental  fields  in  the  limb  from 
the  mid-donrum  and  mid-venter  is  apparent  rather  than  real,  and  is  not 
a  fnndamental  character  of  the  limb  segmentation,  for  it  does  not 
occur  in  primitive  types,  e.g.,  is  absent  from  the  pelvic  limb  of  the 
Frog. 

Using  the  cntaneons  field  as  a  gaide  to  the  morphological  position 
of  varions  points  in  the  body,  it  is  seen  that  the  edges  of  the  foot  and 
hand  are,  in  the  segmental  fields  of  the  limb,  abont  midway  between 
the  mid-dorsal  and  mid-ventral  lines,  and  therefore  mnst  correspond 
abont  with  the  lateral  line  of  the  trnnk.  The  digits  are  therefore 
bnds  from  the  region  of  the  lateral  line. 

The  vulva  and  the  anns  are  not  at  the  posterior  pole  of  the  body, 
bnt,  like  the  nmbilicQS,  are  placed  in  the  mid- ventral  line. 

From  the  motor  roots  it  is  not  easy  to  get  evidence  that  the  Ist 
digit  of  the  foot  or  hand  is  se^'mentally  anterior  to  tbe  !>t\i  ^^^t')  VtvQ 
rooi  sopplj  of  the  iatrioBJo  ntascalatnre  of  eacli  is  RO  eimilBX.    ^nX. 
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from  the  sensory  roots  it  is  easy  to  show  that  the  skin  of  the  1st  digit 
is  segmentally  anterior  to  that  of  the  2nd  digit,  that  of  2nd  to  that  of 
8rd,  and  so  on.  The  skin  of  the  dorsum  of  the  foot  is  shown  to  be 
segmentally  anterior  to  the  sole. 

The  nipple  lies  in  the  middle  of  the  4th  thoracic  Reld,  but  is  also 
included  in  the  fields  of  the  3rd  and  5th  thoracic.  The  umbilicus  is 
in  t]ie  11th  thoracic  root  field. 

The  number  of  segments  entering  into  the  composition  of  the  skin 
of  the  limb  is  seen  to  be  greater  than  the  number  of  segments  con- 
tributing to  its  musculature.  To  the  skin  of  the  anterior  aspect  of 
the  fore- limb,  six  segments  contribute  (3rd,  4th,  5th,  6th,  7th,  8th 
cervical)  ;  to  that  of  the  hind- limb  six  segments  also  (1st,  2nd,  3rd, 
4th,  5th,  6th  post- thoracic).  To  the  posterior  part  of  the  fore-limb 
four  segments  contribute  (1st,  2nd,  3rd,  4th  thoracic)  ;  to  that  of  the 
hind*limb  four  segments  also  (6th,  7th,  8th,  9th  post- thoracic). 

In  each  limb  the  anterior  aspect  is  segmentally  more  extensiire  than 
the  posterior.  1  have  shown  that  this  last  fact  is  exemplified  even 
more  strikingly  in  the  musculature  of  each  limb. 

The  quadrifid  or  quinquifid  digital  partition  at  the  free  end  of  the 
limb  gives  no  indication  of  the  number  of  segmental  skin  fields  in  it. 

Joints  such  as  knee  and  ankle,  which  might  perhaps  seem  natural 
boundaries  marking  fundamentally  distinct  portions  of  the  limb,  are 
not  regarded  as  such  in  the  segmentation  of  the  cord,  as  evidenced 
by  posterior  roots. 

The  absolute  segmental  level  of  a  point  of  surface  is  subj[ect  to  in- 
dividual variation,  as  was  shown  to  be  the  case  with  muscular  points 
in  the  substance  of  the  body  wall  and  viscera.  This  individual  varia- 
tion affecting  the  skin  corresponds  with  variation  in  the  constitution 
of  the  efEerent  roots ;  the  limb  plexus  may  be  postfixed  or  prefixed 
by  its  sensory  spinal  roots,  just  as  it  may  be  by  its  motor  spinal 
roots.  A  mixed  nerve  may  be  postfixed  by  its  motor  roots  and  by  its 
sensory  in  the  same  individual,  or  may  be  prefixed  by  both.  But 
there  is  some  evidence  (Frog)  that  a  plexus  may  be  prefixed  by  its 
motor  roots  when  it  is  not  so  by  its  sensory  roots,  and  vice  versa. 

The  distribution  of  the  fibres  of  the  sensory  spinal  root  in  the  limb, 
as  elsewhere,  indicates  a  segmental  significance  in  their  constitution 
rather  than  a  functional  based  upon  coordination.  Without  denyiug 
the  existence  of  functional  factors  in  the  progressive  development  of 
the  limb,  it  must  be  admitted  that  there  is  little  evidence  that  the 
collection  of  fibres  in  each  sensory  root  has  resulted  from  an  assort- 
ment of  the  fibres  with  a  view  towards  assisting  in  functional  co- 
ordination. 

Peyer's  statement  of  the  correspondence  of  locality  of  the  muscnlar 
and  CDtaneous  distributions  of  a  spinal  nerve  does  not  apply  in  the 
Monkey.      The  9th    po8t-thox«yo\o  n^rs^   YMkKr?%Xfc»  ^^  KTi^xVaav^ 
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muBcIee  of  the  foot,  bat  its  skin-field  is  on  the  bnttock.  In  the  lower 
half  of  the  tmnk  and  in  the  pelvic  limb  the  akin  at  any  point  will  be 
supplied  hj  sensorj  Hpinnl  roots  segmentally  anterior  to  (higher  than) 
the  epinftl  motor  root  snpplyiag  the  sabjacent  mnacle.  A  partial  ex- 
ception to  this  will  be  in  the  skis  of  the  back  of  the  thigh,  where,  for 
reasons  explained,  the  supply  of  both  may  be  from  the  same  segmental 
level. 

The  ctttaneooB  fields  of  the  posterior  spinal  roots  do  not  correspond  ' 
with  the  fields  of  cutaneous  distribation  of  the  motor  roots,  as  jndged 
by  the  pilotnotoi-  fibres  of  those  roots.  The  pilomotor  fields  and  the 
cntaneons  sensory  fields  do  not  correspond. 

As  to  cntaneons  vasomotor  fields  and  the  cataneous  sensory  fields, 
there  does  in  Maeaeni  rhetut  seem  to  be  a  cnrions  oorrespondence  of 
the  area  of  "sexnal  "  skin  at  the  root  of  the  tail,  on  the  battock,  and 
along  the  back  of  the  thigh  with  the  combined  sensory  skin  field  of 
10th,  9th,  and  6th  post-thoracic  roots. 


Cutooeon*  SegmenU  of  tb«  Pelrio  Limb  at  Monkej,  donsl  or  T«ntral  aspect. 
(The  OTerlapping  of  the  legmeiita  ii  not  sliown.) 
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IV.  "  Preliminary  Account  of  the  Nephridia  and  Body  Cavity 
of  the  Larva  of  Palcnmotietea  varians.*'  By  Edoar  J. 
Allen,  B.Sc,  University  College,  London.  Communicated 
by  Professor  W.  F.  R.  Weldon,  F.R.S.  Received  Novem- 
ber 17,  1892. 

The  researches  of  which  the  present  comninnication  contains  a 
brief  sammarj,  were  carried  on  dnnng  the  summer  of  the  present 
year,  at  the  Laboratory  of  the  Marine  Biological  Association  in 
Plymouth,  where  I  occupied  a  table  by  appointment  of  the  British 
Association  Committee.  The  observations  were  made  chiefly  on  larvsB 
of  Palcemonetes  varians,  but  other  species  have  also  been  included, 
and  will  be  mentioned  in  particular  instances. 

I.  The  Nephridia, 

During  the  greater  part  of  the  larval  life  two  pairs  of  nephridia  are 
present:  the  green  glands,  which  open  at  the  bases  of  the  second 
antennae,  and  the  shell  glands,  which  open  at  the  bases  of  the  second 
maxillsd. 

The  Oreen  Oland, — In  a  larva  of  Palcemonetes  which  is  a  few  days 
old,  the  green  gland  has  a  form  similar  to  that  described  by  Weldon* 
and  Marchalf  for  the  adult  of  Virhius,  Pandalus,  and  Crangon,  except- 
ing that  the  remarkable  enlargements  of  the  bladder,  which  the 
former  author  has  termed  "  nephroperitoneal  sacs,"  are  not  as  yet 
developed.  The  gland  consists  of  an  end  sac,  which  communicates 
by  means  of  a  y  -shaped  tube  with  a  very  short  ureter  opening  at  the 
base  of  the  antenna.  The  distal  portion  of  the  tube  is  slightly 
enlarged,  and  may  be  called  the  bladder.  At  the  time  of  hatching  of 
the  larva,  the  whole  gland  consists  of  a  solid  mass  of  cells,  in  which 
no  cavity  has  appeared,  although  the  portions  which  afterwards  form 
the  end  sac  and  the  tube  can  be  distinguished,  and  the  ureter  and 
external  opening  are  already  present.  Shortly  after  the  larva  has 
become  free  the  cells  separate,  and  give  rise  to  the  lamen  of  the 
gland. 

The  later  development  of  the  green  gland  consists  chiefly  in  the 
enlargement  of  the  bladder,  which  grows  at  first  inwards,  towards 
the  middle  ventral  line  of  the  body,  then  upwards,  within  the  oeso- 
phageal nerve  nng,  and   anterior  to  the  cosophagns,  to  the  middle 

•  WeWon,  W.  F.  K.,  "The  Renal  Organs  of  certain  Decapod  Crustacea." 
*  Quart.  Journ.  Micr.  Sci.,*  vol.  82,  1891. 

t  Marchal,  P.,  *'  Recherches  anatomiques  et  physiologiques  sur  Tappareil  ex* 
cr^teur  dei  Cnistac64  D^podes."     'Arch.  Zool.  £zp^r.,'  vol.  10,  J 892. 
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dorsal  line,  where  it  meats  its  fellow  of  the  opposite  side.  The  two 
hlctddere  grow  backwards  over  the  stomach,  subseqaentlj  fusing  in 
the  middle  line  to  form  the  unpaired  nephro peritoneal  sac.  This 
mode  of  developmeot  confirms  the  view  as  to  the  natare  of  the  lattei' 
eao  already  Eurived  at  by  Weldon  and  Marchal  from  a  compamtive 
study  of  the  renal  or^ns  of  Decapods. 

The  SlieU  Qland. — In  a  figare  of  a  Callianatm  larva  in  the  My»it 
stage.  Clans*  inserts  and  names  the  shell  gland,  opening  at  the  base 
of  the  second  maxilla.  This  ia,  I  believe,  the  only  recorded  instance 
of  the  gland  having  been  recognised  in  a  Decapod,  nnleas,  indeed,  the 
"  segmental  organ  "  described  by  Lebedinakif  as  opening  at  the  base 
of  the  first  mazillipede  of  the  larva  of  Eriphya  spinifroTu,  and  com- 
mnnicating  with  the  body  cavity,  be  the  same  organ. 

In  late  embryos,  and  at  the  time  of  hatching  of  the  larva,  the  shell 
glands  are  the  functional  kidneys  of  PaUBmonetei  and  Pal<Bmon,  the 
green  glaod  being  still  without  a  Inmen.  The  shell  gland  of  PuIif- 
monetei  consists  of  a  comparatively  short  renal  tnbe,  with  a  consider- 
able lumen,  which  commnnit»tes  internally  with  an  end  sac,  and 
opens  externally  at  the  base  of  the  second  maxilla.  The  genera!  form 
of  the  tnbe  may  be  expressed  by  saying  that  it  is  Y'^^'^P^^i  ^^°  ''*"> 
arms  of  the  Y  ^^ing  in  a  horizontal  plane,  with  the  end  snc  attached 
to  the  internal  one,  whilst  the  leg  of  the  Y  i^  carved  in  a  vertical 
plane,  the  concavity  looking  downwards  and  backwards.  The  histo- 
logical stmoture  of  both  end  sao  and  renal  tube  ia  similar  to  that 
described  by  GrobbenJ  for  the  green  gland  of  Myiis.  The  entrance 
from  the  end  sao  to  the  tube  is  guarded,  however,  by  a  valve,  formed 
of  elongated  cells  of  the  end  sac,  which  does  not  appear  to  have  been 
fonnd  in  other  forms. 

1  have  detected  no  trace  of  the  shell  gland  in  yonng  adults. 

ill.  Tke  Body  Caoily. 

The  Anterior  Region  of  the  Thorax. — A  transverse  section  through 
the  region  of  the  second  maxiihe  of  a  Paltsmonetet  larva,  which  is  a 
few  days  old,  shows  that  the  cavity  eaolosed  by  the  external  cbitin 
and  ectoderm  may  be  divided  into  four  regions:  a  dortal  tac,  sur- 
rounded by  a  definite  layer  of  epithelium,  and  within  which  the 
cephalic  aorta  ties,  but  which  does  not  itself  contain  blood;  a  central 
caviti/,  in  which  the  liver,  intestine,  and  nerve  cord,  are  fonnd  ;  two 

'  *  Clam,  C,  "  N«ue  Beitrftgs  lur  Horpbologi*  der  Criutaceen."  '  Arb.  Zool. 
Iilat.  Wien,'  lol.  6,  1BS6. 

t  Lebadioki,  J.,  "  Einige  UntenDohungen  Uber  die  EntwicklDngsgcKhiclite  der 
Seekrabben."     'Biol.  C««tr»Ibl.,'  vol.  10, 1890. 

t  Grobben,  0.,  '*  Die  AnteoneadrfiH  d«r  Crutaoeen."  '  Arb.  Zool.  Init.  Wien,' 
TOL  8, 1S81. 
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lateral  cavities,  separated  from  the  central  cavities  by  masses  of  mnscle 
and  bands  of  connective  tissae,  and  which,  in  the  regfion  under  con- 
sideration, contain  the  proximal  ends  of  the  shell  glands ;  and,  fourthly, 
the  cavities  of  the  limhsj  which  contain  the  distal  ends  of  the  same 
organs.  The  cavities  of  the  limbs  communicate  with  the  lateral 
cavities,  and  the  latter  frequently  communicate  with  the  central 
cavity  by  the  disappearance  of  the  connective  tissue  bands.  The 
central  cavity,  the  lateral  cavities,  and  the  cavities  of  the  limbs,  all 
contain  blood. 

The  Dorsal  Sac. — I  have  found  the  dorsal  sac  in  Palcemon  serratus, 
Palmmonetes  varians,  and  Crangon  vulgaris^  and  in  the  adult  it  attains 
a  considerable  size.  If  a  dissection  be  made  of  an  adult  Falcemon,  the 
sac  is  readily  seen.  Anteriorly  it  appears  as  an  elongated,  cylindrical 
tube,  lying  upon  the  nephroperitoneal  sac,  and  containing  i^ithin  it 
the  cephalic  aorta.  Posteriorly  it  is  very  much  enlarged,  covering 
the  front  part  of  the  ovaries,  and  running  downwards  on  either  side 
into  the  cavity  which  surrounds  the  intestine  and  liver.  A  similar 
condition  of  things  is  found  in  the  adult  Palcemonetes. 

The  dorsal  sac  does  not  contain  blood.  I  have  been  led  to  this  con- 
clusion for  the  following  reasons  : — (1.)  In  a  large  number  of  series 
of  sections,  both  of  larvsd  and  adults,  I  have  never  seen  a  blood 
corpuscle  within  the  sac.  (2.)  The  sac  is  completely  closed,  and 
has  no  communication  with  the  blood  sinuses  of  the  body.  In  pre- 
served specimens  it  contains  a  clot,  which  can  generally  be  dis- 
tinguished from  the  surrounding  blood  clot.  (8.)  I  have  observed 
carefully,  and  for  a  long  time,  living  larvae,  and  the  space  occupied 
by  the  sac  has  always  been  perfectly  free  from  blood  corpuscles. 

At  its  anterior  end  the  dorsal  sac  is  surrounded  by  a  mass  of  tissue, 
from  the  external  surface  of  which  blood  corpuscles  appear  t/O  be 
budding  off.  Before  commencing  this  research,  Professor  Weldon, 
to  whom  the  existence  of  this  tissue  was  known,  and  who  has  in- 
dicated it  in  his  figures,  suggested  to  me  this  view  of  its  nature,  and 
it  is  fully  supported  by  my  preparations. 

Development  of  the  Dorsal  Sac, — In  embryos  of  Palasmonetes  in  which 
the  cephalic  aorta  is  already  formed,  the  cells  surrounding  the  latter 
are  arranged  in  two  layers,  an  internal  and  an  external.  Before  the  time 
of  hatching  arrives,  the  cells  of  the  external  layer  enlarge  consider- 
ably, and  give  rise  to  the  appearance  of  a  solid  mass  of  cells  upon 
either  side  of  the  aorta.  The  dorsal  sac  is  formed  by  the  hollowing 
out  of  these  masses  of  cells.  Two  lateral  cavities  are  thus  formed, 
which  are  separated  by  the  aorta.  The  protoplasm  of  the  cells  lining 
these  cavities,  which  is  at  first  gathered  into  masses  around  the 
nuclei,  then  spreads  out  into  a  thin  sheet,  drawing  away  from  the 
lower  portion  of  the  aorta,  and  causing  the  two  lateral  cavities  to 
unite  ventrally,  and  so  form  a  single  sac.     In  the  region  of  the  first 
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and  second  mazillie,  ftll  the  stag'es  of  the  prooeaa  just  described  mar 
be  seen.  In  the  r^ion  anterior  to  this  I  have  never  aotnallj  observed 
tha  stage  with  two  lateral  catritieH,  the  two  having  always  united 
ventrally,  bat  I  do  not  donbt  that  the  process  is  here  the  same  as  in 
the  posterior  region. 

!□  one  series  of  sections  of  a  larra,  preserved  very  soon  after  it  bad 
left  the  egg,  the  oavitj  was  formed  upon  either  side  of  and  below  the 
aorta,  as  far  back  as  the  anterior  end  of  the  segment  of  the  tirst 
mazille,  where  for  one  section  it  was  almost  completely  closed. 
Behind  this  the  condition  with  two  lateral  cavities  was  found,  and 
persisted  through  the  region  of  the  first  maxillie,  whilst  in  the  region 
of  the  second  mazillee  no  cavity  had  yet  opened,  and  solid  masses  at 
cells  still  lay  npon  either  side  of  the  aorta. 

The  further  development  of  the  dorsal  sac  coosists  mainly  of  an 
increase  in  its  size.  At  its  posterior  end  !t  grows  backwards  in  a 
pair  of  lobes,  which  extend  as  far  as  the  front  end  of  the  pericardium. 

The  Fotteriar  Begion  of  the  Thorax. — The  central  and  lateral 
cavities  are  here  similar  to  those  of  the  anterior  r^on,  whilst  dorsal 
to  them  the  pericardial  chamber  lies.  This  chamber  is  separated 
from  the  central  body  cavity,  as  is  already  well  known,  by  the  peri- 
cardial septaro,  and  it  contains  the  heart.  The  genital  organs  are 
sitasted  at  the  front  end  of  the  pericardium,  immediately  below  the 
pericardial  septum.  In  the  just-batched  larva  these  consist  of  two 
masses  of  cells  with  large  nnclei,  each  mass  being  enclosed  in  a  sheath 
of  mesoderm.  I  have  not  detected  any  trace  of  the  genital  dacts  at 
this  stage. 

The  Abdomen. — With  regard  to  the  abdomen,  my  sections  confirm 
the  acconnts  given  by  Milne  £dwards*  and  Clans.t  There  are  two 
main  sinuses,  which  ran  along  its  length :  a  dorsal  sinus,  in  which 
the  intestine  lies,  and  a  ventral  one,  which  contains  the  nerve  cord. 
These  two  sinuses  are  generally  separated  by  masses  of  mascle,  bat 
they  communicate  at  intervals  by  means  of  lateral  sinuses. 

Theoreiuat  Oonaidaraliimi. 

The  state  of  the  body  cavity  in  the  anterior  region  of  the  thorax 
of  FaliBTrwnelet  may  be  compared  with  that  of  Penpaias,  as  described 
by  Sedgwick,^  at  the  time  when  the  dorsal  portions  of  the  meso- 
blastic  somites  have  attained  their  maximum  development.  Bearing 
in  mind  that  the  dorsal  sac  of  Palxmaaetes  has  been  formed  by  the 

*  Milne  Edwards, '  Hiitoire  natuielle  des  Crustoc^,'  Fari>,  1S34. 

t  CUus,  C,  "  Zur  Eenntniii  der  KreUlaufsorgone  dsr  Schlzopoden  nnd 
Deoapoden."     'Arb.  Zool.  Inrt.  Wien,'  toL  B,  1884. 

I  Sedgwiolt,  A.,  "The  DeTelopment  of  the  Cape  Specie*  of  Per^atut."  Porte 
I— IV.    '  Quart.  Joum.  Miet.  Sol,'  vols.  86—38,  IBSS-SS. 

TOL.  UU  Si. 
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union  of  two  lateral  cavities,  which  lay  on  either  side  of  the  aorta, 
the  differences  between  the  two  forms  are  very  slight.  The  dorsal 
sac  represents  the  two  dorsal  portions  of  the  mesoblastic  somites, 
whilst  the  central  cavity,  the  lateral  cavities,  and  the  nephridia 
agree,  with  the  one  exception  that  the  two  lateral  portions  of  the 
nerve  cord  of  Teripatus  have  united  in  the  middle  line  in  Paleemonetes, 
and  in  the  process  have  passed  oat  of  the  lateral  cavities.  The  agree- 
ment is  so  close  that  it  appears  to  me  to  be  fully  justifiable  to  horao- 
logise  the  various  parts.  If  this  be  so,  it  follows  that  the  dorsal  sac 
of  Paleemonetes  is  homologous  with  the  dorsal  portions  of  the  meso- 
blastic somites  of  Peripaius,  and  that  its  cavity  is  a  true  coelom.  The 
central  and  lateral  cavities,  together  with  the  cavities  of  the  legs,  will 
represent  the  pseudocoele,  and  being  filled  with  blood  may  be  termed, 
with  Lankester,  hoBmoccBle,  ■ 

Passing  now  to  the  posterior  part  of  the  thorax,  the  region  of  the 
heart,  we  find  that  the  different  cavities  correspond  with  those  which 
persist  in  the  adult  Peripatus.  Heart,  pericardium,  and  pericardial 
septum  of  Paleemonetes  present  exactly  the  same  relations  as  in  Peri- 
patus,  arid  are  clearly  homologous  structures  in  the  two  animals.  The 
central  and  lateral  cavities  only  differ  on  account  of  the  relative 
position  of  the  nervous  system,  and  this  difference  has  already  been 
accounted  for.  It  must  be  noted,  however,  that  in  this  region  no 
nephridia  are  found  in  the  cavities  of  the  limbs.  Beneath  the 
anterior  end  of  the  pericardial  septum  are  found,  as  has  been  already 
stated,  the  genital  organs,  and  here  also  the  comparison  with  Pen'patus 
may  be  instituted.  We  find  a  similar  agreement  to  that  which  existed 
in  the  other  regions  compared,  and  we  may,  with  a  considerable 
degree  of  probability,  again  homologise  corresponding  parts.  The 
genital  organs  of  Palcem/metes  must  then  be  regarded  as  the  repre- 
sentatives, in  this  region,  of  the  coelom. 

If  the  homologies  here  suggested  are  valid,  the  body  cavity  rela- 
tions of  the  Crustaceans  under  consideration  may  be  stated  briefly 
thus :  both  enterocoele  (trae  coelom)  and  pseudocoele  are  present,  the 
enterocoBle  consisting  of  the  dorsal  sac,  the  green  gland,  and  shell 
gland,  or  the  end  sacs  of  these  organs,  together  with  the  genital 
organs  and  their  ducts,  whilst  the  pericardial  septum  may  be  regarded 
as  equivalent  to  portions  of  the  walls  of  another  part  of  the  same 
structure. 

The  pseudocoele  consists  of  the  heart  and  arteries,  the  pericardial 
cavity,  the  central  cavity  of  the  thorax,  with  the  lateral  cavities  and 
the  cavities  of  the  limbs,  and  the  various  sinuses  of  the  abdomen. 
The  pseudocoele  is  filled  with  blood,  and  hence  can  be  termed  a 
hsBmoccele. 

I  hope,  shortly,  to  publish  a  more  detailed  account,  with  figures, 
ot  the  relations  described  in  this  communication. 
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December  1&,  1892. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D..  Tpeaflorer,  in  the  Chair. 

.A  List  of  the  Presente  reooired  was  laid  on  the  table,  and  thaaks 
ordered  for  them. 

The  Bight  Hon.  John  Morlej- ,  a  member  of.  Her  Majesty's  Most 
Honoarable  Privy  Conncil,  whose  oertificate- bad  been  saspeodod  as 
reqnired  hj  the  Statutes,  was  balloted  for  aitd  elected  a  Fellow  of  the 
Sooiety. 

The  following  Papers  were  read  : — 

I.  "  On  an  Apparatus  for  facilitating  the  Reduction  of  Tidtil 
Observationa"  By  G.  H.  Darwin,  F.R.S.,  Plumian  Pro- 
feaeor  and  Fellow  of  Trinity  College,  Cambridge.  Received 
November  12,  1892.. 

§  1.  InlTodiieiion. 

The  tidal  oscillatioD.of  the  ocean  may  be  repreeented  as  the  snm  of 
a  nnmber  of  simple  harmonic  waves  which  go  ihroogh  their  periods 
approximately  q-oko,  twicCr  thrioe,  four  times  in  a  mean  solar  day. 
Bat  these  simple  harmonic  waves  may  be  regarded  as  being  rigorously 
diurnal,  semi-diomal,  ter-dinmal,  and  so  forth,  if  the  length  of  the 
day  referred  to  be  adapted  to  sait  the  particalar  wave  nnder  con- 
sideration. '  The  iden  of  a  series  of  special  scales  of  time  Is  thns  in- 
trodaced,  each  time-scale  being  appropriate  to  a  special  tide.  For 
example,  the  mean  interval  between  saocessive  cnlminatioes  of  the 
moon  is  24^  50™,  and  this  Interval  may  be  described  as  the  mean 
Inrkar  day.  Now  there  is  a  eeriea  of  tides,  bearing  the  initials  Mi, 
M|,  Mf,  Mt,  &C.,  which  go  tbroagh  their  periods  rigorously  once^ 
twice,  thrice,  four  times,  Ac,  in  a  mean  Inuar  day.  The  solar-tides, 
8,  proceed  according  to  mean  solar  time ;.  bat,  besides  mean  lunar 
and  mean  solar  times,  there  are  speuial  time  scales  appropriate  to  the 
lai^er  (N)  and  smaller  (L)  lunar  elliptic  tides,  to  the  evectional  {v), 
to  the  diurnal  (Ei)  and  semi-diurnal  (£])  Inui-solar  tides,  to  the 
lunar  dinmal  (0),  &c.. 

The  process  of  reduction  consists  of  the  determination  of  the  mean 
height  of  the  water  at  each  of  24  special  honrs,  and  subsequent  har- 
monic analysis.  The  means  are  taken  over  snch  periods  of  time  that 
the  inflnence  of  all  the  tides  governed  by  other  special  timea  ia 
eliminated. 
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The  process  "by  which  the  special  hourly  heights  have  hitherto 
been  obtained  is  the  entry  of  the  heights  observed  at  the  mean  solar 
hoars  in  a  schedule  so  arranged  that  each  entry  falls  into  a  column 
appropriate  to  the  nearest  special  hour.  Schedules  of  this  kind  were 
prepared  by  Mr.  Roberts  for  the  Indian  Grovemment.*  The  suc- 
cessive rearrangements  for  each  sort  of  special  time  were  made  by 
recopying  the  whole  of  the  observations  time  after  time  into  a  series 
of  appropriate  schedules.  The  mere  clerical  labour  of  this  work  is 
enormous,  and  great  care  is  required  to  avoid  mistakes. 

All  this  copying  might  be  avoided  if  the  observed  heights  were 
written  on  movable  pieces.  But  a  year  of  observation  gives  8,760 
hourly  heights,  and  the  orderly  sorting  and  re-sorting  of  nearly  9,000 
pieces  of  paper  or  tablets  might  prove  more  laborious  and  more 
treacherous  than  recopying  the  figures. 

It  occurred  to  me,  however,  that  the  marshalling  of  movable 
pieces  might  be  reduced  to  manageable  limits  if  all  the  24  observa- 
tions pertaining  to  a  single  mean  solar  day  were  moved  together,  for 
the  movable  pieces  would  be  at  once  reduced  to  365,  and  each  piece 
might  be  of  a  size  convenient  to  handle. 

The  realisation  of  this  plan  affords  the  subject  of  this  paper,  and  it 
will  appear  that  not  only  is  all  desirable  accuracy  attainable,  but  that 
the  other  requisite  of  such  a  scheme  is  satisfied,  namely,  that  the 
whole  computing  apparatus  shall  serve  any  number  of  times  and  for 
any  number  of  plaoes. 

The  first  idea  which  naturally  occurred  was  to  have  narrow  sliding 
tablets  which  should  be  thrown  into  their  places  by  a  number  of 
templates.  It  is  unnecessary  to  recount  all  my  trials  and  failures, 
but  it  will  suffice  to  say  that  the  slides  and  templates  require  the 
precision  of  a  mathematical  instrument  if  they  are  to  work  satis- 
factorily, and  that  the  manufacture  would  be  so  expensive  as  to  make 
the  price  of  the  imstrument  prohibitive. 

The  idea  of  making  the  tablets  or  strips  to  slide  into  their  places 
was  then  abamdoned,  and  the  strips  are  now  made  with  short  pins  on 
their  under  sides,  so  that  they  can  be  stuck  on  to  a  drawing  board  in 
any  desired  position.  The  templates,  whicb  were  also  troublesome  to 
make,  are  replaced  by  large  sheets  of  paper  with  numbered  marks  on 

*  Ad  edition  of  these  oomp«tation  formB  was  reprinted  by  aid  of  a  grant  from 
the  Bojal  Soeietj,  and  is  sold  by  the  Cambridge  Scientific  Instrument  Company, 
but  only  about  a  dozen  copies  now  remsin.  In  the  <x>urse  of  the  preparation  of 
the  "  guide  sheets  "  of  the  method  proposed  in  this  paper,  I  found  that  there  are 
many  small  mistakes  in  these  Indian  forms ,  but  they  are  fortunately  not  of  such  a 
kind  as  to  produce  a  sensible  yitiation  of  results.  I  learn  that  the  mistakes  arose 
from  a  misunderstanding  on  the  part  of  a  computer  employed  to  draw  up  the  forms. 

The  accuracy  of  my  guide  sheets  was  controlled  by  aid  of  Mr.  Boberts's  forms, 
and  it  was  the  occasional  discrepancy  between  my  results  and  the  forms  which  led 
to  the  detection  of  the  errotft  Teieitod.  U>. 
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them  to  show  how  the  strips  toe  to  he  set.  The  ^ide  sheet  is  laid  on 
a  drawing  board,  and  the  pins  on  the  strips  pierce  the  paper  and  fix 
them  in  their  proper  poaitiona. 

The  ehifting  of  the  stripB  from  one  arraDgement  to  the  next  ie  cer- 
toinly  slower  than  when  thej*  slid  into  their  places  aatomatically, 
but  I  find  that  even  withoat  practice  it  only  takee  aboat  7  or  6 
miontes  to  shift  74  of  them  from  any  one  arrangement  to  a  new 
one. 

The  strip  belonging  to  each  mean  solar  day  ie  divided  by  black 
lines  into  24  eqnal  spaces,  intended  for  the  entry  of  tbe  honrly 
heights  of  water.  The  strip  is  9  in.  long  by  \  in.  wide  and  the 
divisions  (f  by  -I-)  are  of  convenient  size  for  the  entries.  There  was 
mnch  difficulty  in  discovering  a  good  material,  bat  after  variouR 
trials  artiScia)  ivory,  or  xylonite,  was  fonnd  to  serve  the  porpose. 
Xylonite  is  white,  will  take  writing  with  Indian  ink  or  pencil,  and 
can  easily  be  cleaned  with  a  damp  cloth.  It  is  jnet  as  easy  to  write 
with  liquid  Indian  ink  as  with  ordinary  ink,  which  must  not  be  used, 
because  it  stains  the  surface. 

The  strips  have  a  great  tendency  to  warp,  and  I  have  two  methods 
of  overcoming  this,  A  veneer  of  jylonite  on  hard  wood  serves  well, 
or  solid  xylonite  may  be  stiffened  by  sheet  brass  let  into  a  slot  ou  the 
nnder  side.  In  the  first  plan  the  pins  are  fixed  in  tbe  wood,  and  in 
the  second  the  Isass  is  filed  to  a  spike  at  each  end.  Whichever  plan  is 
adopted,  the  strips  are  expensive,  costing  about  £7  for  a  set,  and  I  do 
not  at  proeont  see  any  way  of  making  them  cheaper. 

The  observations  are  to  he  treated  in  groups  of  two  and  a  half 
lunations  or  74  days.  A  set  of  strips,  therefore,  consists  of  74,  num- 
bered from  0  to  73  in  small  figures  on  their  flat  ends. 

If  a  set  be  pinned  horizontally  on  a  drawing  board  in  vertical 
column,  we  have  a  form  consisting  of  rows  for  each  mean  solar  day 
and  columns  for  each  hour.  The  observed  heights  of  the  water  are 
then  written  on  the  strips. 

When  the  24  columns  are  summed  and  divided  by  the  number  of 
entries  we  obtain  the  mean  solar  hourly  mean  heights.  The  har- 
monic analysis  of  these  means  gives  the  mean  solar  tides.  But  for 
evalnating  the  other  tides  the  strips  must  he  rearranged,  and  to  this 
point  we  torn  onr  attention. 

Let  ns  consider  a  special  case,  that  of  mean  lunar  time.  A  mean 
Innar  bonr  is  about  V  2°"  m.e.  time  ;  hence  the  12*'  of  each  m.s.  day 
must  lie  within  31"  m.s.  time  of  a  mean  lunar  hour.  The  following 
sample  gives  the  incidence  to  tbe  nearest  louar  hour  of  tbe  first  few 
days  in  a  year : — 
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The  Bnccessive  12^  of  m.s.  time  will  march  retrogress!  relj  through 
all  the  24  hoars  of  m.  Innar  time. 

Now,  if  starting  from  strip  0,  we  pnsh  strip  1  one  division  to  the 
left,  strip  2  two  divisions  to  the  left,  and  so  on,  the  entries  on  the 
strips  will  be  arranged  in  columns  of  approximately  lunar  time. 

The  rnle  for  this  arrangement  is  given  bj  marks  on  a  sheet  of 
paper  18  in.  broad ;  these  marks  consist  of  parallel  numbered  steps 
or  zigzags  showing  where  the  ends  of  each  strip  are  to  be  placed  so 
as  to  bring  the  hourly  values  into  their  proper  places. 

At  the  end  of  a  lunation  mean  solar  time  has  gained  a  whole  day 
over  mean  lunar  time  and  the  12^  solar  again  agrees  with  the  12^ 
lunar.  On  the  g^ide  sheet  we  see  that  the  zigzag  which  takes  its 
origin  at  the  left  end  of  strip  0  has  descended  diagonally  from  right 
to  left  until  it  has  reached  the  left  margin  of  the  paper,  and  a  new 
zigzag  then  begins  on  the  right  margin. 

When  the  strips  are  pinned  out  following  the  zigzags  on  the  sheet 
marked  M,  the  entries  are  arranged  in  48  columns,  but  the  number  of 
entries    in    each    column  is  different.      The  48  columns  are  to   be 

regarded  as  appertaining  to  0^  V\ ,  22\  23\  0^  l^ ,  22\  23\ 

Thus,  the  number  of  entries  in  the  left-hand  column  of  any  hour 
added  to  the  number  of  entries  in  the  right-hand  column  of  the  same 
hour  is,  in  each  case,  74.  The  48  incomplete  columns  may,  in  fact, 
be  regarded  as  24  complete  ones. 

The  24  complete  columns  ai*e  then  summed ;  the  24  sums  would,  if 
divided  by  the  total  number  of  strips,  give  the  24  mean  lunar  hourly 
heights.  The  harmonic  analysis  of  these  sums  gives  certain  constants, 
which,  when  divided  by  the  number  of  strips,  are  the  required  tidal 
constants.  It  must  be  remarked,  however,  that,  as  the  incidence  of 
the  entrie^i  is  not  exact  in  lanar  time,  investigation  must  be  made  of 
the  corrections  arising  out  of  this  inexactness. 

The  explanution  of  the  guide  sheet  for  lunar  time  will  serve,  mutatis 
mutandisy  for  all  the  others. 

The  zigzags  have  to  be  placed  so  as  to  bring  the  columns  into  exact 
alignment,  and  T)rinters'  types  provide  all  the  accuracy  requisite. 
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Accordingly,  the  computing  strips  are  made  to  suit  a  chosen  type. 
The  standard  length  for  one  of  the  24  divisioiiB  on  the  strips  was 
chosen  as  that  of  a  "  2-em  English  qoadrate  ";  24  of  these  come  to 
9  inches,  which  is  the  length  of  a  strip.  I  fonnd  the  English  quadrate 
a  little  too  narrow,  and  accordinglj  between  each  litie  of  quadrates 
there  is  a  "  blind  rule,"  of  42  to  the  inch.  The  depth  of  the  guide  sheet 
is  that  of  74  qnadrates  and  74  rules,  making  15|  in.  The  computing 
strips  are  \  in.  broad,  and  74  of  them  occupy  14f  in.  The  exceRS 
of  \b\  above  14|,  or  -f^  iiK,  is  nwessar;  to  permit  the  easy  arrange- 
ment  of  the  strips. 

To  guard  against  the  risk  of  the  computer  accidentnlty  using  the 
wroug  sheet,  the  sheets  are  printed  on  coloured  paper,  the  sequence  of 
colours  being  that  of  the  rainbow.  The  sheets  for  days  0  to  73  are  all 
red;  those  f  or  daya  74  to.  74+73,  or  147,  are  all  yellow;  those  for 
days  148  to  148  +  73,  or  221,  are  green;  those  for  days  222  to 
222  +  73,  or  295,  are  blue  ;  and  those  for  days  296  to  296  +  73,  or  3ti9, 
are  violet. 

Thus,  when  the  observatious  for  the  first  74  days  of  the  year  are 
written  on  the  strips  all  the  sheets  will  be  red  ;  the  strips  will  then 
be  cleaneil,  and  the  obserTations  for  the  second  74  days  written  in, 
when  all  the  guide  sheets  will  be  yellow,  and  so  on. 

I  must  now  refer  to  another  considerable  abridgment  of  the  process 
of  harmonic  analysis.  It  is  independent  of  the  method  of  arrange' 
ment  jagt  sketched. 

In  the  Indian  computation  forms  the  mean  solar  hourly  heights 
have  been  fonnd  for  the  whole  year,  and  the  obserrations  have  been 
rearranged  for  the  evaluation  of  certain  other  tides  governed  by  a 
time  scale  which  differs  bat  little  from  the  miean  solar  scale.  I  now 
propose  to  break  the  mean'  solar  heights  into  sets  of  30  days,  and  to 
analyse  them,  and  next  to  harmonically  analyse  the  12  sets  of  har- 
monic constitaents  for  annual  ajid  semi-annaal  inequalities.  By  this 
plan  the  harmonic  constants  for  11  different  tides  are  obtained  by 
one  set  of  additions.  In  fact,  we  now  get  the  annnal,  semi-annnal, 
and  solar  elliptic  tides,  which  formeirly  demanded  much  troublesome 
extra  computation.  A  great  saving  is  secured  by  this  alone,  and 
the  results  are  in  close  agreement  with  those  derived  from  the  old 
method. 

The  guide  sheets  marked  S  and  the  computation  forms  are 
aiTauged  so  that  the  observations  are  broken  np  into  the  proper 
groups  of  30  days,  and  they  show  the  computer  how  to  make  the  sub- 
sequent calculations. 

I  have  also  devised  an  abrida;ed  method  of  evaluating  the  tides  of 
long  period  MSf,  Mf,  Mm.  The  method  is  less  accurate  than  that 
followed  hitherto,  but  it  appears  to  give  fairly  good  results,  and 
reduces  the  work  to  veiy  small  dimenaions. 
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Before  entering  on  the  details  of  my  plan  it  is  proper  to  mention 
that  Dr.  Borgen  has  devised  and  nsed  a  method  for  attaining  the 
same  end.  He  has  prepared  sheets  of  tracing  paper  with  diagonal 
lines  on  them,  so  an*anged  that  when  any  sheet  is  laid  on  the  copy  of 
the  observations  written  in  daily  rows  and  hourly  columns,  the 
numbers  to  be  summed  are  found  written  between  a  pair  of  lines. 
This  plan  is  excellent,  but  I  fear  that  the  difficulty  of  adding  correctly 
in  diagonal  lines  is  considerable,  and  the  comparative  faintness  of 
figures  seen  through  tracing  paper  may  be  fatiguing  to  the  eyes.  Dr. 
B6rgen*8  plan  is  simple  and  inexpensive,  and  had  I  not  thought  that 
the  plan  now  proposed  has  considerable  advantages  I  should  not  have 
brought  it  forward. 

In  the  investigations  which  follow  the  notation  of  the  Report  of 
1883  to  the  British  Association  on  harmonic  analysis  is  used  without 
further  explanation. 

§  2.  Evaluation  of  A<„  Sa,  Ssa,  Si,  Sa,  S*,  Se,  T,  R,  K,,  Ki,  P. 

The  24  mean  solar  hourly  heights  of  water  are  entered  in  a 
schedule  of  24  columns,  with  one  row  for  each  day,  extending  to  n 
days  ;  the  24  columns  are  summed,  and  the  sums  divided  by  n ;  the 
24  means  are  harmonically  analysed ;  it  is  required  to  find  from  the 
results  the  values  of  the  harmonic  constituents. 

The  speed  of  any  one  of  the  tides  differs  from  a  multiple  of  15°  per 
hour  by  a  small  angle ;  thus,  any  one  of  the  tides  is  expressible  in  the 
form  jffcos  [(I5*g— )8)^— f ],  where  g  is  0,  1, 2,  3,  &c,,  and  p  is  small. 

When  t  lies  between  0^  and  24^  this  formula  expresses  the  oscilla- 
tion of  level  due  to  this  tide  on  the  day  0  of  the  series  of  days. 

If  multiples  of  24**  from  1  to  n— 1  be  added  to  ^,  the  expression  gives 
the  height  at  the  same  hour,  t,  of  mean  solar  time  on  each  of  the  suc- 
cession of  days. 

Then  if  ^  denotes  the  mean  height  of  water,  as  due  to  this  tide 
iJoue,  at  the  hour  t^  we  have 

^  =  i^B-cos  [(l5°g-/5)  <-f-|.(l5*»g-/5)  24  (n-l)] 
^  1 

=  Ih ?iBi?^  COS  [(i6''g-/3)<-f-12^  (n-l)] (1). 

n         SVEL  p 

When  t  is  put  successively  equal  to  0^,  1\  .  .  .  . ,  23*^  we  get  the  24 
values  of  %  which  are  to  be  submitted  to  harmonic  analysis. 

The  mean  valne  of  ^,  say  Aq  (not  to  be  confused  with  Ao  as  written 
at  the  head  of  this  section,  where  is  denoted  the  mean  sea  level  above 
datum)  is  found  by  taking  the  mean  of  the  24  values  of  1^. 

By  the  formula  for  the  summation  of  a  series  of  cosines  it  is  easy  to 
prove  that 
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Ao  =  —E 


cos[{:+(l2»-i^)  +  V3]   ...  (2). 


24n    Mn(^y3— J^3) 

We  will  now  find  the  p'*'  harmonic  oonstitnents  A^  B^.     By   the 
ordinary  rules 


=A?Cn'«V  ■ 


.(3). 


22;i5-r((»s[(iiij-rti-r-i!?(.-i)3 

=  ^  [(W(?+J.)-/S)  (-C-IZ^  (»-l)] 

i2^[(is*(«-p)-«  i-f-ia^  (»-!)] ; 
and  ^  of  the  imiii  of  the  21  Talaes  coTTOBponding  to  (  =  0, 1 23  is 

ami  [IS  (3+P)-pJ  "° 

+  the  same  with  sign  of  p  changed 

This  eipresBion  admits  of  simplification,  becaaee  12  x  15°  =  180°  ; 
making  this  simplification,  and  introdacing  the  resalt  into  (3),  we 
obtain 


|;}=-L.....^|i 


;[t+(i2»-i)^+V(?+p)] 


«»W<«+y)-4rt 


»in[V(s-r)-irt 

In  the  particnlar  case  where  p  =  5,  we  have 

„•  \  =  i-Hsin  unfi  ^"°     .    ,    , ,-, 

B,i        24n  '^1  sin(l5"g-i/*) 

SB     f 


}■ 


•  (4). 


(5). 
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If  the  number  of  days  n  be  large,  A^,  Bp  will  be  small  unless  the 
denominator  of  one  of  the  two  terms  in  (4)  be  very  small.  This  last 
case  can  only  occur  when  p  =-  q  and  when  fi  is  small.  Hence,  in  the 
analysis  of  a  term  of  the  form  under  consideration,  we  may  neglect 
all  the  harmonics  except  the  q^  one.  Accordingly  (2)  and  (5)  are  the 
only  formulffi  required. 

A  case,  however,  which  there  will  be  occasion  to  use  hereafter  is 
when  n  =  30,  g  =  2,  when  (4)  becomes 

bI}  =  rHgsmseo/^l        ^.^^^  sin(30--i/3)        j^^^' 

For  the  present  we  have  to  apply  (5)  in  the  two  cases  g  =  1, 
/9  =  0°0410686  and  g  =  8,  ^8  =  0^0821372  ;, now  the  ratios  of  cosec | p 
to  cosec  (l6**g— i/3)  in  these  two  cases  are  722  to  1  and  697  to  1.  In 
both  cases  the  first  term  of  (5)^  is  negligible  compared  with  the 
second. 

Nowwrite  i  =  ^"-^     (7). 

Sin  12  nfi 

and  (5)  becomes,  with  sufficient  exactness, 

j}  =f Ztf+<^2n-i>/9]. (8). 


A 
B 


If  this  be  compared  with  (2),  we  see  that  when  g  =  0  this  formula 
also  comprises  (2). 

In  the  applications  to  be  made  /9  is  very  small,,  so  that  ^  is  approxi- 
mately a  function  of  the  form  0  cosec  0.  This  function  increases  very 
rapidly  when  0  passes  90^,  bat  for  considerable  valaes  less  than  90° 
it  only  slightly  exceeds  unity ;  for  example;  when  0  =  60°,  ^  =  1*2, 
bat  when  0  =  180°,  ^  =  infin. 

It  follows,  therefore,  that  if  the  number  n  of  days  in  the  series  is 
such  that  12 np  is  less  than  say  60°,  the  magnitudes  of  Aq^  Bq  are  but 
little  diminished  by  division  by  ^\  but  if  12n/9  is  nearly  180**,  Aq^  Bq 
become  vanish ingly  small. 

If  the  typical  tide  here  considered  be  the  principal  lunar  tide  Mj, 
and  if  the  number  of  days  be  as  nearly  as  possible  an  exact  multiple 
of  a  semi-luaation,  12n/3  is  nearly  180°,  and  the  corresponding  Aj,  Bj 
become  very  small.  No  number  of  whole  days  can  be  an  exact  mul- 
tiple of  a  semi -lunation,  so  that  At,  B^  corresponding  to  Ma  cannot  be 
made  to  vanish  completely.  For  the  present  they  may  be  treated  as 
negligible,  and  we  return  to  this  point  in  the  next  section. 

The  above  investigatioii  ahows  that  in  the  expression  for  the  whole 
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oBcillatioB  of  aea  level  upon  which  the  proposed  nnalysis  is  performed 
all  thoxe  tides  may  be  omitted  from  which  /3  is  not  very  small,  and 
also  all  those  whose  frequencies  are  snch  that  the  period  under  con- 
sideration I2n(9  is  nearly  180*. 

Since  the  period  nnder  coniideration  will  be  a  Innation,  it  follows 
that,  as  far  aa  is  now  material,  the  general  expression  for  sea  level 
may  be  written  as  follows,  t  denoting  mean  solar  hoar  angle  equal  to 


m.  w.,  annaal   Aa-l-HMCOs(&— cm) 

semi-annnal +^«aCos  (2&— (m) 

Solar  tides,  S„  S, H-Bj,  cos  (t-.j,)  +  ff, cos  (2t- r.) 

8^  S, +H»C0s(4t  — •;„)  +  ?„  cos  (6  t—Ku) 

Solar  elliptic,  T   +St  cos  (2  t-A+p,-t() 

E +ir,cos{2t+A-ji,  +  ir-«r) 

Lum-solar,  E, +f'fl"  cos(2t+2A— 2p"— «") 

El +rir  cos  (t+fc— .-'-iB— c') 

Solar  dinmal,  P  .........  +H,oos(t— fc+J»— «^) (9). 

This  inclndes  all  the  tides  whose  initials  are  written  at  the  head  of 
this  section. 

It  is  now  necensary  to  break  up  the  year  into  12  equidistant  luna- 
tions of  30  days.  This  can  be  done  by  the  omission  of  5  days  in 
ordinary  jears,  and  of  6"dayB  in  leap  years. 

If  the  days  of  the  year  are  numbered  0  to  364  (365  in  leap  year), 
the  twelve  months  are  as  follows  : —  - 

0,  0*to29«i  I,  SO*  to  59*;  omii  60*;  2,  61^  to  90*;  3,  91"  to  120*; 
tm.it  lai*;  4.  122*  to  151*;  5,  152*  to  181*;  omit  182*;  6,  183*  to 
212* ;  7,  213*  to  242 ;  8,  243*  to  272* ;  omit  273* ;  9,  274*  to  303* ; 
10,  30*"  to  333*;  im.it  334*;  11,  335*  to  364*;  m  leap  year  omit 
365*. 

The  increments  of  sun's  mean  longitude  from  0*  0**  of  month  0  up 
to  0"  of  the  day  numbered  0  of  each  group  of  days  or  month  are  as 
follows: — 

0,  0°!  1,  30°-0°-431;  2,  60°124;  3,  90'-0°-306;  4,  120''-249; 
5, 150°-<y-182 ;  6,  180°-373;  7,  210''-0''-057;  8,  240'' -0''-488 ; 
9,  270°068j  10,  300°-0''364;  11,  330''191. 

Thus  if  A,  be  the  sun'R  mean  longitude  at  0*  0<>  of  inonth  0,  the 
sun's  mean  longitude  at  0*  0^  of  month  t  is  ^+30°t,  with  sufBcient 
approximation. 
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jNow  let  y  with  appropriate  snffix  denote  the  initial  "  equilibrium 
armament "  at  0^  0^  of  month  0,  so  that 

then  the  general  expression  (9)  for  the  tide  in  the  month  t  becomes 

Ao  +  E,a  cos  {fjt  +  V,a  +  30%-  iC,.)  +  H,sa  COS  (2l7<  +  V„a  +  eO°T-  lf«a) 

+  fl;,  COS  ( 15**^ — -fj,) + jET,  COS  (80*"^— «,) + Ha,  ooa  (60**^ — «u) 

+  Hu  COS  (90'^  —  icm) 

+ HT/ COS  [  (30** — ly )  < + V/ -  ao'^T— /c/] 

+  fl;  COS  [(30** +i;)  «+ Vr  +  SO'^T-if,] 

+  f"H"cos  [(30**+2i;)<+V"+eO*»T-r"] 

+  fJ5r'cos  [l6^  +  i;)<  +  V'  +  30%-/] 

+  H;,COS[(l5**-iy)<  +  V^-30"T-/Cj,] (10). 

Each  of  these  terms  falls  into  the  tjpe  cos  [(iS^g— /3)^— f],  and  fi 
is  in  every  case  either  ±17,— 2iy,  or  0. 

Now,  when  harmonic  analysis  of  the  moan  of.  80  days  is  carried 
out,  coefficients  jf  are  introduced. 

Writ^  therefore 

J  _  24X30 singly  4|  _  ^ xaOsiniy 

With  the  known  yalne  of  7, 

log  4f  1  =  000483,  log  ^,  =  0-01M6. 

In  applying  the  method  inyestigated  above,  it  will  be  observed 
that  a  term  of  any  frequency  16°g— /9  only  contributes  to  the 
harmonic  constituent  of  order  q. 

Then  applying  our  general  rule  (8)  term  by  term,  and  observing 
that  359^1/  =  14** -76,  and  719 17  =  29*''63,  the  result  may  be  written  as 
follows : — 

^o<^)  =  ^4-:^C08  (r^-VM-30*T-14°-76) 


+-^  COS  (ir^— V«,— eO^'T— 29"'63)  ; 


|,(r)  /  -  ^*'  8ill''*'+"5r  sin  ^^       ^       ^  ^      ^*  ^^^ 


+5  ^n  (*>-V^+80S+14«-76)  J 


4fjsm 
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^'n. 

».<•>/- 


^■.: 


^T- 


■    (11). 


With  the  meaning  of  the  term  month  in  the  present  context,  the 
snn  has  a  mean  molioa  of  30°  per  month,  and  each  of  the  first  five 
^'a  and  Jf'a  is  a  fantition  with  a  constant  part  and  with  annnal  and 
semi-annna]  inequalities. 

When  T  haa  ancceaeively  the  12  valnes  0,  1 ,  11,  we  have  12 

equidistant  values  of  the  ^'aand  J'a.  These  may  be  harmonioally 
analysed  for  annnal  and  Bemi-annaal  ineqaalities. 

Soppose  that  the  several  coefficients  to  be  determined  by  harmonic 
aualysia  are  deSned  by  the  following  equations : — 


2U''>  =  4e+JiOO8  30°i+B,sin80'T+J»ooa60°T+B,a 


leo'Ti 


r:i:1  ."■1.1.1.. 

S>'-'J      -J     -J  ft  J  «.J  i-j 

ASS.<-)  =  ^,  A^S."'  =  S..  A^3.''>  =  '<«  A^S.''>  =  B.--  (12)- 

Then  on  oomparing  (12)  with  (11)  we  Bee  that : — 
A,  =  J,; 

C.1     _  jj    COB 

ft/  -"i-Bm'" 
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E»l    _  +££1'  cos  /•  ''_V"_29°-53'J  ■ 


From  these  equations  we  get 

g';D!,}=TS<'--^-»--»)' 

(B,-f,)   1  flr  cos  ,      _y  -lA'-le)  . 

Jc^'Tf;)} =^-r('"-^"-^"«') (1^)- 

The  tidal  constants  of  the  sevei^  tides  enumeratied  at  the  head  of 
this  section  are  determinable  from  these  equations. 

Our  rule  is  accordingly  to  analyse  in  twelve  groups  of  30  days, 
and  then  to  analyse  the  resulting  harmonic  constituents  for  annual 
and  semi-annual  inequalities,  combining  the  final  results  according  to 
the  formula  just  found. 

The  edition  of  **  gaide  sheets  "  and  computation  forms  which  I  have 
drawn  np  are  so  arranged  as  to  facilitate  the  whole  process  and  to 
render  it  quite  straightforward.  By  this  single  set  of  additions  it  is 
thus  possible  to  evaluate  eleven  tides  and  mean  water. 

§  3.  Clearance  of  T,  R  from  jpertturhation  hy  Mj. 

The  method  of  the  last  section  was  designed  to  render  all  the  tides 
insensible  excepting  those  enumerated.  But  Mj  is  so  much  larger 
than  any  other  tide  that  there  is  a  small  residual  disturbance  which 
ought  to  be  corrected. 

I  have  made  computations,  which  I  do  not  give,  but  which  show 
that  the  disturbance  of  all  the  harmonic  constituents  except  ^g,  |^ 
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in  inaenaible.  It  is  required  then  to  determine  the  oorrection  to  be 
applied  to  ^  Ji,  and  thence  those  for  E,  ¥,  e,  f . 

Snppose  that,  when  time  t  is  connted  from  O'  O**  of  month  t,  the 
M,  tide  J8  expressed  by  Jlf  cos  [(So"  — ^)(— ?],  where  fi  =  l-'Oieeoss. 

When  means  taken  over  30  dajs  are  harmonically  analysed  the 
formala  (6)  gives  the  contribntiona  to  ^,  |p,.  As  it  is  now  required 
to  obliterate  these  contribntionH,  the  signs  mnst  bo  changed,  and  the 
corrections  are 


sinj^  8in(30''— ^^)  I 


For  reasons  which  will  appear  below  I  now  write 

f  =  $■„(')  — 0° -5268. 

Then  introducing  the  valne  of  yS  into  (15).  I  find 


^- 


Bin28''29'-62 


Let  ^«  denote  the  value  of  ^J'*  at  O'  !>"  of  month  0,  and  let 
^„W  ^  ^„  -I'  gi'\  and  let  ji  denote  a  certain  factor  whose  logarithm  ie 
000849,  and  let  Jlf  =  fH.. 

In  the  harmonic  analysis  for  the  Mi  tide,  considered  below  in  §  6,  we 
shall  have 


-  sin  ^m. 


Accordingly 


M  ■  r- 


..=*[., 


"8WTB,"' 


TheBe  valnes  of  if  "^  f«''*  most  now  b«  introduced  into  (16),  bnt 
the  algebraic  procees  need  not  be  given  in  detail.    If  we  write 
Bin6^  43''85  "P"  (4°  41'  32) 


t(S  +  P)l   . 
}(K+Q)/  ■ 

4(S-P)1   . 
{(B-Q)/ 


Bi^l  ■ 


sin  0'  80'  28  -8 
n5°48'85^^(34°4l'-32) 
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it  follows  that 

P  =  0*01564,      Q  =  0-00114,     R  =  0*00147,      S  =  0*01611. 

Then,  when  the  snbstitntion  of  the  valaes  of  Jf        tm^^^  is  carried 

cos 

ont,  we  find 


By  the  definition  of  ^'')  it  appears  that  —  ^i")  is  the  increment 
of  twice  the  mean  moon's  hour  angle  daring  the  time  from  0**  0*^  of 
month  0  up  to  0*  0**  of  month  t,  that  is  to  say  ^^^  =  —2  (7  —  <r)  ^  for  the 
time  specified.  The  following  table  gives  the  values  of  ^^)  and  of  its 
cosine  and  sine  for  each  month  : — 


Month 

No.  of  davB 

from  epoch  0 

to  epoch  r. 

m. 

C08«(r). 

%m¥j). 

0 

0 

0**  0' 

1*000 

0000 

1 

30 

11   27 

0*980 

0*199 

2 

61 

47   16 

0*678 

0-735 

3 

91 

58  43 

0*519 

0*855 

4 

122 

w- 85  28 

-0-079 

0-997 

5 

152 

ir-74      1 

-0-275 

0-961 

6 

183 

w^-38  11 

-0-786 

0-618 

7 

213 

^-26  44 

-0*893 

0-450 

8 

243 

ir-15    18 

-0*965 

0-264 

9 

274 

w+20  32 

-0*937 

-0-351 

10 

304 

ir4-31   59 

-0*848 

-0-530 

11 

335 

ir+67  49 

-0*378 

-0-926 

If  COS  ^^),  sin  ^^)  are  regarded  as  quantities  having  annual  and  semi- 
annual inequalities,  we  may  write 

cos  ^^)  =  «o  +  «i  cos  30°T+/8i  sin30°T-|-«2COS  60*^7+^  sin  60°t+.  . . . 
sin  ^^)  =  7o+7iCOs30**T-|-aisin  30%-|-7aCOs60°T-|-a2sin60°T-|-.. . . 

On  analysing  the  numerical  values  of  cos  ^''>,  sin  ^'')  by  the  ordinary 
processes,  I  find, 

ao  =  -0-165,  70  =  +0*273, 

«i=  +0-626,  7,  =  -0*500, 

^,  =  +0*756,  ^1=  +0*642, 

tf,  =  +0*159,  72  =  -0046, 

fi^zzz  +0*199,  ;$2-  +0*166. 

But  in  §  2  the  harmonic  conslitnents  of   ^2  when  analysed  for 
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annaal  and  semi-aDno&l  ineqaalit?  were  denoted  by  Eg,  E|,  F„  E|,  F„ 
and  the  constituents  of  |$,  were  denoted  b/  ea,  e,,  f „  e,,  f|.  Hence  the 
ten  corrections  to  the  E'b  and  F's  are  (with  an  easily  intelligible 
alternative  notation) 

;E„.  ,,.=  (-  Poo.  ,..+ Qio.  1. 1)  -d, + (Q«>.  I.  J + P70, 1. 0  S„ 

aF^.  =  (-PA..+Q\.)A+CQj3i..+P\.)B». 

ieo.,,,=  (-IUo.i,,-'S7o,i,.)^  +  (-S«,,^,+R'«,,,.,)B„ 
if,.,  =  (-R^^.-Sa,.,)  A+C-S/3,.,+-B«,.,)  A. 

,  S,  P,  Q,  B,  S, 


On  Babstitnting  the  numerioal  valnes 
find 

*B,  =  +0-0029 
!e.  =  -00042 

of  «,  |3,  T,  », 

+0-0041 
+0-0031 

J4(E,+f,)  = -00109 
JJ(K.-t,)  =  +0-0006 

-0-0091 
+0-0020 

»l(ei  +  l'i)  = -0-0020 
«i(e.-FO  =  +0-0091 

+0-0000 
-O-O108 

!J(E,+t,)  = -0-0028 
84(E,-y  =  +0-0002 

-0-0018 
+0-0012 

Ji(6,+F,)  = -0-0012 
81(o,-F,)  =  +0-0017 

+0-0001 
-0-0027 

Most  of  these  corrections  are  n^ligible,  bnt  the  four  which  affect 
the  Bolar  elliptic  tides  T,  B  most  be  included,  because  those  tides  are 
80  small  that  a  small  error  affeota  them  sensibly.  Hence  we  may 
take,  with  snffioient  accnracy, 

ai(e,— Fi)  =  +0009  ^,-0011  B„    5i(e,+r,)  =  — 0002j1„ 
ai(E,  +  fi)  =  —0011^,— 0009  Bi,     S^(Ei— fi)  =  +00006  J, +  0-002  B, 

(16*), 

whore  A^  Bt  are  the   components  of  the  Mg  derived  from  the  re- 
dnctton  of  that  tide  by  the  process  of  §  6. 

Provision  for  these  corrections  is  made  in  the  computation  forms. 

§  4.  EvalwUion  of  A,,  Sa,  Si,  S,,  S„  S„  K,,  K„  P,  when  a  complete 
year  of  obaervation  is  not  available. 

It  is  now  proposed  to  consider  the  case  where  the  period  of  ob- 
servation is  as  much  as  six  complete  months  and  less  than  a  complete 
year. 

1^1 
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Tlie  method  of  the  last  section  apparently  depends  on  the  com- 
pleteness of  the  year,  yet,  with  certain  modifications,  it  may  be 
rendered  available  for  shorter  periods. 

We  suppose  that  so  mnch  of  the  year  as  is  available  is  broken  into 
sets  of  30  days  by  the  rules  of  the  last  section,  and  that  the  means 
are  harmonically  analysed.  The  results  of  such  harmonic  analysis 
for  month  (t)  are  given  in  (11)  of  §  3,  but  for  the  purpose  in  hand 
they  now  admit  of  some  simplification.  It  is  clear,  that  it  is  not 
worth  while  to  evalaate  the  very  small  solar  elliptic  tides  T  and  R 
from  a  short  period  of  observation.  If,  then,  we  denote  by  P^*")  the 
ratio  of  the  cube  of  the  sun's  parallax  to  its  mean  parallax  at  the 
middle  of  the  month  (t),  the  first  three  terms  of  the  third  of  (11) 

may  be  incladed  in  the  expression  PW^QT,  .*/c,.    The  last  term  of  this 

equation  really  does  involve  the  solar  parallax  to  some  extent,  and 
we  may,  with  sufficient  approximation,  write  the  third  pair  of  equa- 
tions 

I fl'^SI  j  =  -H.  *^''  «*+^ ''?'  («"-V"-eO°T-29'-68). 
|pi<^)-f-P<^' J  sm  ^,    sm^  ' 

Let  us  now  consider  the  value  of  P<*>.  The  longitude  of  the  solar 
perigee  is  281^  or  —79°,  and  the  ratio  of  the  sun's  parallax  to  its 
mean  parallax  is  approximately  1  +  ^,  cos  (h  +  79°),  and  the  cube 
of  that  ratio  is  1  4-  8  e,  cos  (A  -|-  79*)  or  1  -|-  0-0504  cos  (7t  +  79**). 
Now  h^  the  sun's  longitude  at  the  middle  of  month  (t),  is 
Ao  +  15^  +  30°t;  hence 

PW  =  1+0-0604  cos  (^4-80*'T-h94'*) 
and  —  1  _  0-0604  cos  (^,  +  SO^^t + 94**). 

Thus  it  is  easy  to  compute  the  values  of  1/P^^>  for  the  successive 
months,  when  we  know  ha  the  sun's  mean  longitude  at  0^  0^  of  the 
month  0. 

The  semi-annual  tide,  being  usually  small,  may  be  neglected  in 
these  incomplete  observations,  and  the  equations  (11)  now  become 

%o^-)  =  A+4-   cos  (r^-.V«-80°T-14**-76), 
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||Ij}   =H.^«,,  ji;,  =  l-00liO4o<»(4,  +  80'T  +  M-) 

■ (17)- 

When  the  eeries  of  socoeeaiTe  vslnes  of  the  ^'b  and  |9'b  are  har- 
monically an^yaed  (by  processes  which  we  shall  consider  shortly)  the 
several  coefficients  reaolting  from  such  analysis  will  be  defioed  by 

SeW=  A  +  -^iCOS30''»+Bi8in30°T, 


Mean  ^,<'l  =  A^ 


Uesii  g,<'>  =  B, 


(18). 


Then  the  subsequent  prooednre  as  given  in  (13)  and  (14)  holds 
good,  the  only  dtflerence  being  that  we  do  not  obtain  the  semi>annna] 
and  solar  elliptic  tides. 

We  shall  now  consider  the  harmonic  analysis  of  an  imperfeot  series 
of  values. 

It  must  be  premised  that  each  monthly  value  of  ^l<'^  Ji''^'  is  to  be 
divided  by  its  corresponding  Pt')  before  the  analysis  is  made. 

Suppose  that  0C^>  denotes  a  function  which  is  subject  to  semi-annual 
inequality,  and  that 

Ct'>  =  A„+ A,  cos  60°T+B,8in  60°T 
Then  it  is  clear  that 

C")  =  A«+A^ 
0'"  =  A,+iAa+tv'8B^ 
C'"  =  A„"iA,+iy8B,. 
Ac.  &c. 

I  now  define  Do,  Ai  A  thus  :— 

P,  =  OW  +  C'  +  C'-t-.. . . , 

A  =  o.O""+i/8C'"+i/80'".... 
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If  there  be  n  equations  and  if  they  be  treated  by  the  method  of 
least  squares,  we  get 

Do  =  nAo+Aj  (1  +  i-i. . . . )  +B2(0+i\/3-|-iy3  ....), 

A  =  Ao  (1 +i-i . . . )  +  Aa  (1+i+i-  •  •  • )  +Bo  (o+iya-iys. . . . ), 

A  =  Ao  (0-|-jy3-fi-v/3 )  4- Aa  (0-f  ^^8— i-v/3 ) 

+  Bo(0-f|-f|....). 

These  are  the  three  equations  from  which  Ao,  As,  B3  are  to  be 
found. 

A  schedule  is  given  below  for  the  formation  of  Po*  ^u  Ai  and  a 
table  of  the  solutions  of  these  equations  according  to  the  number  of 
months  available. 

Next,  suppose  C^''^  denotes  a  function  which  is  subject  to  annual 
inequality,  and  that 

OW  =  A<,+ Ai  cos  30°T+B,  Bin  so't. 

Then  .  O'*'  =  Ao+A„ 

0'"  =  A,+iy8A,+iB„ 

C">=Ao+iAx+i^/8B.. 

<&C.y  &c. 

In  this  case  the  method  of  least  squares  gives 

=  nA-hA  (i+i^a  +i. . . . )  +Bi  (o-fi-i-iys ....), 
=  Jo(i-l-iry3+i....)+ili(i+|-l-i...-)+Bi(o-fiy3-fiv/3....), 

=  Ao  (O  +  i  +  iv/3. . . .  )  +  Ai  (0+iy3  +  iy3. . . .  )  -|.Bi(0-f  i  -f  |. . . . ), 

Tables  are  given  below  for  the  formation  of  Po)  P^  A)  and  of  the 
solutions  of  the  equations  according  to  the  number  of  months  avail- 
able. 
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Rule  for  finding  semuannttal  inequality  from  on  incomplete  series, 

Number  of 
months 

available.          Coefft.  of  Dq-  Coefft.  of  D|.  Coefft.  of  Df. 

6  Ao  =  +0167 

Aa  ^  -h  0-333 

B,  =  +0-333 

7  Ao  =  +0-148  -0-037 
Aa  =  -0-037  +0-259 

B,  =  +0-333 

8  Ao  =  +0-136  -0-045  -0026 

A,  =  -0045  +0-253  -0-019 

B,  =  -0026  -0-019  +0-275 

9  Ao  =  +0123  -0-027  -0-047 
A,  =  -0027  +0-228  +0-011 


Ba  =  -0047         +0011         +0-241 


10 


Afl  =  +0-107 

-0041 

A,= 

+0182 

B,  =  -0-041 

+0-238 

Rule  for  finding  annual  inequality  from  an  incomplete  series. 

Number  of 
months 

arailable.  Coefft.  of  Dq.  Coefft.  of  Pi,  Coefft.  of  Dj. 

6  Ao  =  +0-977  -0-326  -1215 

A,  =  -0-326  +0-442  +0-405 
Bi  =  -1-215  +0-405  +1-845 

7  Ao  =  +0-424  -0-528 
Ai  -  +0-260 

B,  =  -0-528  +0-990 

8  Ao  =  +0-226  +0-062  -0-233 
Ai  =  +0-062  +0-230  -0-093 
Bi  =  -0-238  -0-093  +0-552 

9  Ao  =  +0-146  +0-057  -0*098 
Ai  =  +0-057  +0-230  -0083 
Bi  =  -0098  -0-083  +0326 

10        Ao  =  +0-110  +0036  -0-036 

Ai  =  +0036  +0-218  -0-048 

Bx  =  -0036  -0-048  +0-218 
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We  thus  get  the  following  mle  for  the  eralnation  of  Aq,  Sn,  S],  Si, 
81,  S„  Kt,  Ki,  P  from  6,  7, 8,  d,  or  10  moothB  of  olwerration  :— 

Proceed  at  though  tJte  year  were  complete  and  find  the  ^'g  and  ^'« 
for  OM  many  numtht  aa  are  available.  Beduee  the  ^%,  ^i  by  inuliiplica- 
fionby  1/P<^'  tw  I— 0'0604  ooafAo+ao-T+W), 

Analyse  ^''>,  ^1'^*,  S'*''/"*"  *"♦»"«'  inequality,  and  ^/P*^',  Ji'''/-?"' 
for  semi-annual  inequaUty  according  to  the  rules  /or  reduction  of  incom- 
plete series  Just  given. 

Complete  the  redueUon  (m  »n  §  3. 

These  mlee  for  rednction  do  not  include  the  case  of  11  months, 
nor  the  oaae  where  any  month  in  the  series  is  incomplete  (e.g.,  it  a 
fortnight's  observation  were  wanting  in  one  of  the  months),  because 
these  cases  may  be  treated  thna  : — the  ^'s  and  J|'s  rehim  to  the  same 
valne  at  the  raid  of  a  year,  and  therefore  the  case  of  eleven  months 
is  the  same  as  that  of  a  missing  month  at  any  other  part  of  the  year. 
In  both  these  cases  we  may  interpolate  the  missing  ^*s  and  ^'s  and 
treat  the  year  as  complete. 

If  three  or  more  weeks  of  observatian  were  TniaaiTig  they  might  &1) 
so  as  to  spoil  two  months,  and  in  this  case  we  shonld  have  an  in- 
complete series.  It  is  then  to  be  recommended  that  the  equations  of 
least  squares  be  formed  and  the  equations  solved.  So  many  similar 
cases  may  arise  that  it  does  not  seem  worth  while  to  solve  Uie  eqaations 
UDtil  the  case  arises. 

§  5.  Evaluation  of  A«,  S,,  S„  Kj,  K„  P  from  a  short  period  of 
observation. 
If  tlie  available  tidal  observations  only  extend  over  a  few  months, 
it  is  useleBs  to  attempt  the  independent  evaluation  of  those  tides 
which  we  have  hitherto  found  by  means  of  annual  and  semi-annual  in- 
equalities in  the  monthly  harmonic  constants.  We  will  suppose  that 
30  days  of  observations  are  available.  Then  when  we  uegleot  the 
annual  tide,  and  the  solar  (meteorological)  tide  Si,  we  have  from  (11) 
or  (17),  which  give  the  analysis  of  30  days, 


,  (•i.-Vp+ii'-Te), 
^  (."-V'-aB'-ss), 

:  l-KV06lj4CO8  (A,  +  16'). 

that  the  P  tide  \vbs  tib.e  f 


3.= 

A,, 

!:}  = 

f-<^ 

i:}  = 

™C-- 

1:}  = 

^""n*- 

is    now 

366 


Prof.  G.  H.  Darwin.     On  an  Apparatus  for    [Dec.  15, 


amount  of  retardation  as  the  Ki,  and  that  the  ratio  of  their  ampli- 
tudes is  the  -same  as  in  the  equilibrium  theory.     We  also  make  the 
like  assumption  with  respect  to  the  K2  and  S2  tides. 
Accordingly  we  put 


fl-p  =  iff,  ic^=ic';  ff'=Afl*, 


n 


tC      ^   kg. 


Now  since 


V  =  A,-!^-,.;        V^  =  -Ao  +  ^T,         V"  =  2^0-2  v", 


we  have 


K^— V^  +  14°-76  =  ic'-V'-14''*76  +  (2Ao— »''+29''-53)+5r, 


Therefore 


l:}=fS("'-v--™) 


COS 


(k'-V  — 14"'-76+2Ao-»''+29°-63), 


^\  =PH.  "?'  K.  +  3^-'  °?'' 


»»/ 


Sin 


<#a 


Sin 


(ic,— 2^  +  2v"— 29°'53). 


Let  us  put    tan  d)  = ^^ — — — i — , 

^  •         3f'-C0S  (2 ;io-v'  + 29^-53)  ' 


Then 


tan  Vr  -  ^'  ^^  (2^10-2  v"  +29^-53) 

V  ^<#a  +  f "  COS  (2  ^  -  2  V '  -h  29''-63) 


•  •  • 


(19), 


ff  [3f-C08(2fto-/+29°-63]  cos  .  ,_y,_,4..»g 
J['  3  COS  0  "■"  ^ 


am 


-0), 


^,1    ^g,-VPjf.+f"coB(2^-2v"+29°-63)cp8.  .   ^^    .20). 

J  J  JUL  4«  ona  V>.  Sin  ^  '       ^^  -^  ^       -' 


i 


If  therefore 


^,cosY' 


Rcoa  (^ 
*  sin  *" 


1;}=^^'}^" 


we  have 


3  jfiBi  COS  0 


5*  = 


3f'— COB  (2^— v'+29*'*53) 


•M\  >        ^i»  —  i-^- 
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E,= 


V-jfJtiCOBV- 


-V^P^>  +  f"C0B(afc,— 2^"  +  29°-63) 


,  fl-  =  Aff.-.(21). 


If  there  be  aSTeral  montha  available  it  is  reoom mended  that  each 
30  days  be  treated  quite  independently,  so  that  from  each  gronp  of 
days  we  aball  get  IT,  ■'  and  B„  k,.  Then  the  mean  value  of 
W  cos  c'  is  to  be  taken  as  the  final  value  of  that  function,  and  H"  sin  k' 
is  to  be  treated  similarly  ;  finally  JET,  k  are  to  be  found.  The  severaJ 
values  of  H,,  n,  may  be  treated  in  the  same  way.  Of  course  we 
assume  throi^hout  that  tf  =  c,  Hp  =  ^[3",  c"  ^  x,,  3"  =:  -jjH,,  as- 
Bumptione  which  are  usually  nearly  correct. 

The  mean  value  of  ^  must  he  taken  as  giving  A«,  but  at  places 
with  a  considerable  annual  tide  it  is  impossible  to  obtain  a  good 
valne  of  mean  water  mark  from  a  short  series  of  observations. 

§  6.  On  the  evaluation  of  the  several  tidet  by  grouping  of  mean 

solar  dayt. 

Let  n(f—x)  denote  the  speed  in  degrees  per  m.B.  hour  of  any  one 

tide,  n  being  eqnal  to  1,  2,  3,  4,  5,  or  6.     Then  16''/(-y— x)  i°ay  ^ 

called  one  "special  hour."     Since  l^'/C?— 7)  ie  one  m.s.  hour,  the 

ratio  of  the  m.s.  to  the  special  hour  is  (.'f—x)l(.t~l)- 

Let  one  m.s.  hour  be  eqnal  to  I— ^  special  hour,  then 


y3  ^  1 ,  special  hours. 

Let  it  be  required  to  exprefls  the  IS**  of  any  m.s.  day  of  a  series  of 
days  by  reference  to  special  time.  It  is  clear  that  12''  m.s.  time  will 
be  specified  by  one  of  the  24  special  hours,  with  scnuething  lesB  than 
half  a  special  hoar  added  or  anbtracted. 

Having  fixed  the  12"  of  m.s.  time  of  a  partionlar  m.s.  day  in 
the  special  time  scale,  let  na  treat  that  m.a.  day  as  a  whole,  and 
coneider  the  iucidanoe  of  the  other  23  m.8.  honn  in  special  time.  It 
is  clear  that  in  m.a.  time  we  work  backwards  and  forwarda  from  12'' 
by  anbttucting  or  adding  unity,  and  that  in  i^ecdal  time  we  subtract 
oraddl-j8. 

If  12"  m.s.  time  be  i^+»,  where  a  lies  between  ^\  special  time, 
the  following  is  a  schedule  of  equivalence  : — 
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MwDukr 

time. 

Specimltime.; 

<f 

= 

(«■ 

-12«)  +  (.  +  U!« 

1" 

= 

(# 

-ll'j  +  (.  +  llrt 

21. 

= 

(>"- 

-10>)  +  (.  +  »« 

1I« 

_ 

(»'- 

-1>)   +(.  +  « 

I2> 

= 

tfi 

+• 

18» 

= 

(^+i>)  +(.-n 

2^     =     (flr>'+10*)  +  («-10j9) 
33^     =     (!i*+U>')  +  (.— 11^) 

In  the  colamn  of  special  time  it  is  supposed  that  24"  is  added  or 
sabtracted,  so  that  the  reenlt  ia  leas  than  24".     For  example,  if  x 

is  10,  the  hoar  column  of  special  time  will  ran  22",  23",  0", 9", 

10",  11",  .  .  .  ,,  20",  21". 

If  the  aeries  of  daya  be  long  a)  will  have  all  integral  valoes  between 
0  and  23  with  equal  &eqnen(7,  and  since  «  has  all  values  between 
+J  and  —J  with  equal  frequency,  the  excess  of  the  solar  honr 
ahoTe  the  nearest  exact  apecial  hoar  (which  may  be  called  the 
error)  will  have  all  ita  possible  values  with  eqnal  frequency.  If  the 
mean  solar  hours  be  arranged  in  a  sohedale  of  columna  headed 
0",  1",  .  .  .  .,  23"  of  special  time,  each  colnmn  will'be  subject  to  errors 
virhich  follow  the  same  law  of  frequency. 
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"Let  &bBoiB8s  (fig.  1)  meunred  from  0  along  A'OA  repreflent 
magnitade  of  •. 

Since  a  lies  between  ±^,  the  limit  of  the  figure  is  given  by 
OA  =  OA'  =  i. 

If  magnitade  of  error  (i.e.  m.i.  — *  special  honr),  measnred  in  special 
time,  be  repreeented  by  ordinates,  r  line  BOB'  at  45°  to  AOA'  re- 
presente  all  tlie  errors  vhloli  can  ariae  in  the  incidence  of  the  m.s. 
IS**  in  the  sohednle  of  special  time. 

If  a  line  bb'  be  drawn  parallel  to  and  above  BB'  by  a  distance  ff, 
we  have  a  representation  of  all  the  errors  of  incidence  of  the  m.s.  11*'. 
If  a  aeries  of  equidistant  paiallet  lines  be  drawn  above  and  below 
BB'  natil  there  are  12  above  and  11  below,  then  the  errors  of  all  the 
m.s.  honrs  are  represented,  the  top  one  showing  the  errors  of  the 
m.s.  0"  and  the  bottom  one  the  errors  of  the  m.s.  23\ 

Any  special  honr  oorresponda  with  eqaal  freqnency  with  each  solar 
honr,  and  henoa  eaoh.  mode  of  error  ooonn  with  equal  freqnency. 

It  is  now  neoeBaary  to  consider  in  how  many  ways  an  error  of 
given  magnitude  can  occur.  If  in  the  figure  AM  repreeenta  an  error 
of  given  magnitude,  then  wherever  HN  cute  a  diagonal  line,  it  shows 
that  an  error  may  arise  in  otfe  way. 

It  is  thus  clear  that  there  are  no  +  en-ors  greater  than  ^+13  (9, 
and  no  —  errors  greater  than  |+ll^,  and 

Brrora  of  magnitude. 

i+12;8to  i  +  llf  may  arise  in  I  way. 

^+iij8toi  +  10(9  „  Sways. 

^4-]Oj9to^+  9y3  „  Sways. 


i-lO^toi-ll/3  „  23ways. 

i— il;3  to  — (i— 13^)    „  24ways. 

-(^--12^)  to  — (i— 11^)  „  23  ways. 


-(i+9j8)to-(i+10^)    „  Sways. 

-(i  +  io^)to  -(i  +  11^)  „  1  way. 

The  frequency  of  error  is  repraaented  graphically  in  fig.  2.  The 
slope  of  the  two  staircase  is  drawn  at  45°,  but  any  other  slope  wonld 
have  done  equally  well. 

A  freqneucy  carve  of  this  form  ia  not  very  convenient,  and,  as 
there  are  many  steps  in  the  ascending  and  descending  Rlopes,  I  sub- 
atitute  the  frequency  carve  ahowu  in  fig.  3.  This  is  clearly  equivalent 
to  the  foimer  one.  In  fig.  S  all  the  times  shown  in  fig.  2  are  con- 
verted to  angle  at  15°  to  the  hour;  e  acoordingly  denotes  l&°ft. 
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Now  let  COB  n  (^— (v)  be  the  obserred  valae  of  a  function  wboss 
true  Talne  is  cob  n  6,  and  BoppoBe  that  z,  the  error  of  0,  has  a  fre- 
qnenc^/(x)  ;  then  the  mean  valne  of  the  function  dedaoed  from  many 
obeervations  will  be 

j  "/{a!)cOB«  (<?-!«)  £ir--|  "/{st^dx. 

In  our  case  f(x)  is  the  ordinate  of  the  freqnency  carve  whose 
absttissa  is  x. 

Let  OQ  =  A,  QB  =  o,  QB'  =  6,  OA  =  a+h,  OA'  =  b  +  k;  then 

f  ''fix)dg=(a+h+h)h. 

=  rhcoan(e-x)dx+]'  {a+h-x) cog ni0-x)dx 
+  \hooan{e+x)dx+{  (b  +  k-x)cosn{e+x)dx, 
=  4cos«[fl-J(«-&)]eini«ABinin(o+6+A). 
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The   algebraical  steps  involved  in   the  evaliiation  of  these  four 
int^^rals  and  snbseqontt  dmplifioation  are  omitted. 
Bence  the  Tesnlt  is 

Bin^n&Bin^n(g+5+&) ,„ 

-Jnh ^n(a+l+h)     C"«(''-H«- 6))- 

By  reference  to  the  figure  it  is  dear  that 

a+b+h  =15*,    X=  Mf,    a=7i"— llje,    b  =  7i°— laj.,    a~-b  =  c. 

Write,  then. 


_Vn_ 


~  EiinlSnc    BinV^  ' 
and  we  obtain  as  the  mean  vslne  of  cob  nO,  when  found  in  this  way, 


It  U  obvioDB  that  if  we  bad  l»gnn  with  sin  nS,  the  argnment  in  the 
resnlt  and  the  factor  j,  wonld  have  been  the  same.  Accordingly,  a  fnno- 


If  24   equidistant  resnlts  of  this  sort  are  sabmitted  to  harmonic 
analjsiB  to  find  An,  B,,  we  shall  get- 


Accordingly         R  =  ^.  f=f+J««. 

But  it  is  reqnired  to  find  B',  f'.  *">  tbat 

Thna  when  tfa,e  24  obeerred  hourly  tide  heights  on  any  m.s.  day  are 
regronped  so  that  the  observed  height  at  12''  m.s.  time  is  repntod  to 
appertain  to  an  exact  special  honr,  and  each  of  the  previous  and  sub- 
scqaent  hourly  values  of  that  m.s.  day  are  reputed  to  belong  to  previous 
and  Bubsequent  exact  special  hours ;  and  when  a  long  series  of  m.s. 
days  are  treated  similarly,  and  when  the  mean  heightfl  of  water  at 
each  of  the  24  special  hours  are  harmonically  analysed,  we  shall  obtain 
the  required  result  by  augmenting  R  by  a  factor  ^j>,  and  by  enbtract- 
ing  J  ne  from  f . 
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The  values  of  ^m  and  of  \ne  will  be  different  for  each  kind  of  tide, 
and  the  following  table  gives  ibeir  nnmerieal  values. 


Table  of 

gn  and  \n€. 

Initial  of  tide. 

». 

loK#- 

int. 

M. 

I 

000212 

0^-26 

M, 

2 

000849 

0**-53 

M. 

3 

001915 

0°-79 

M, 

4 

0-03416 

roo 

M. 

6 

0-07767 

l°-57 

N 

2 

0-01361 

0^-82 

L 

2 

000570 

0^-24 

V 

2 

0-01278 

0°-78 

0 

1 

000535 

0°-57 

J 

1 

000225 

-0"-28 

Q 

1 

001149 

0°-90 

A* 

2 

002016 

1**09 

2SM 

2 

000805 

-0*^-49 

MS 

4 

002342 

0**-52 

X 

2 

000595 

0°-28 

2N 

2 

002136 

ri3 

00 

1 

000481 

-0''-53 

MK 

3 

001438 

O^'^O 

2MK 

3 

002632 

1''09 

MN 

4 

004328 

l''-35 

As  it  does  not  appear  wortb  while  to  evaluate  the  tides  written 
below  the  line,  no  use  will  be  made  of  the  last  six  results  given  in 
this  table. 

§  7.  On  the  periods  over  which  the  means  are  to  he  taken'  in  evaluating 

the  tidal  constants. 

We  have  considered  in  previous  sections  the  treatment  of  the  group 
of  tides  which  are  associated  with  solar  time,  when  the  period  of  ob- 
servation is  less  than  a  year,  and  we  have  now  to  consider  the  other 
tides. 

It  is  important  that  the  means  be  taken  over  such  a  number  of 
days  that  the  perturbation  arising  from  other  tides  shall  be  mini- 
mised. 

The  perturbation  between  semi-diurnal  and  diurnal  tides  is  always 
negligible.  It  is  therefore  only  necessary  to  consider  the  action  of  the 
tides  M2,  S)  in  the  case  of  semi-diurnal  tides,  and  that  of  Ki  and  O  for 
dinrnal  tides. 
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It  is  easy  to  see  that  the  infloence  of  a  distarbing  tide  is  eTanescent 
vhen  the  means  are  taken  over  a  period  anch  that  the  excess  of  the 
argnmeat  of  the  diatnrbed  over  that  of  the  disturbing  tide  has  in- 
creased through  a  moltiple  of  360".  As,  however,  we  are  working 
with  int^^l  nnmbers  of  days,  and  as  the  speeds  of  tides  are  iiiGom> 
menBnrable,  this  condition  oaimot  be  exactly  satisfied. 

From  this  consideration  it  appears  that  to  minimise  the  perturbation 
of  Si,  2SM,  fi  by  M,  (and  vice  vered)  we  most  stop  at  an  exact  mnltiple 
of  a  BOmi-lanation.  To  minimise  the  effect  of  M|  on  17  and  L,  and  of 
El  on  J  and  Q,  we  mnst  stop  at  an  exact  multiple  of  a  Innar  anom- 
alistic period.  To  minimise  the  effect  of  M|  on  y,  we  mnst  stop  at  a 
mnltiple  of  the  period  2rf{a+v — 27).  To  minimise  the  effect  of 
Ki  on  0,  we  mnst  stop  at  an  exact  mnltiple  of  a  semi-lnnar  period. 

For  the  qnater-dinmal  tide,  MS,  it  is  immaterial  where  we  stop, 
and  BO  it  may  as  welt  be  taken  at  a  mnltiple  of  a  semi-lonation. 

The  following  table  (p.  374)  gives  the  rales  derived  from  these 
considerations. 

§  8.  On  the  Udet  of  long  period. 

The  annnal  (6a)  and  semi<annnal  (Ssa)  tides  are  evaluated  in  the 
course  of  the  work  bj  which  other  important  tides  are  found.  These 
are  the  only  two  tides  of  long  period  which  have  a  practical  import- 
ance in  respect  to  tidal  prediction,  but  the  Inni-solar  fortnightly 
(HSf),  the  Innar  fortnightly  (Mf),  and  the  lunar  monthly  (Um)  tides 
have  a  theoretical  interest. 

It  will  therefore  be  well  to  show  how  tbey  may  be  fonnd.  The 
process  is  short,  and,  although  it  is  less  accurate  than  the  laborious 
plan  followed  in  the  Indian  reductions,  it  appears  to  give  fairly  good 

For  the  sake  of  simplicity,  let  ns  consider  the  tide  MSf.  Its 
period  is  about  14  days,  and  therefore  a  day  does  not  differ  very 
largely  from  a  twelfth  part  of  the  period.  Accordingly,  if  about 
two  days  in  a  fortnight  are  rejected  by  proper  rules,  the  mean  heights 
of  water  on  the  remaining  days  may  be  taken  as  representatives  of 
twelve  equidistant  values  of  water  height. 

I  therefore  go  through  the  whole  year  and  reject,  according  to 
proper  rules,  the  daily  sums  of  the  24  hourly  heights  correeponding 
to  certain  69  of  the  days  oat  of  369.  The  remaining  300  values  are 
written  consecutively  into  a  schednle  of  12  columns  and  25  rows,  of 
which  each  corresponds  to  a  half  lanation.  The  12  columns  are 
summed,  and  the  sums  are  harmonicsJly  analysed  for  the  first  pair  of 
harmonic  components.  These  components  have  to  be  divided  by  24 
times  25,  or  by  600,  because  the  daily  mean  water  height  is  -^-f^  of 
the  daily  sum,  and  there  are  25  semi-lunations. 

In  the  same  way  the  semi-Iiuiar  period  is  aboat  \Z\  &ay&,  aiivd^  M 

roL.  Lir.  ^  C 
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Number  of  the  last  day  to  he  included  in  the  evaluation  of  the  several 
tides  for  observations  extending  over  any  period  up  to  a  year. 

For  M„  M,  2SM,  MS.         For  O.  For  N.  L,  J,  Q. 

Stop  with  one         Stop  with  one         Stop  with  one 
of  the  following      of  the  following     of  the  following 

days  days  days 

(semi-lonationB).  (semi-lunar  periods),  (anom.  periods). 


14 

13 

29 

26 

43 

40 

58 

54 

73 

67 

74+14 

74+  7 

+28 

+  21 

+43 

+34 

+58 

+48 

+73 

+62 

148+13 

148+  1 

+28 

+15 

+43 

+29 

+68 

+42 

+72 

+56 

+  70 

222  +  13 

+28 

222+  9 

+43 

+23 

+58 

+37 

+  72 

+50 

+64 

296+13 
+28 

296+  4 

+43 

J-1'' 

+  57 

-r32 

+  72 

+45 

+  58 
+  72 

27 
54 


For  V. 
Stop  with  one 
of  the  following 
days 
(periods 
2ir/(<r  +  w-2i|)). 

31 
63 


74+  8 
+35 
+63 

148  +  16 

+44 
+  71 

222+26 
+53 

296+  6 

+34 
+61 


74+20 
+  52 

148  +  10 
+42 

222+  0 
+31 
+63 

296+21 
+53 


we  erase  by  proper  rules  45  daily  sums  out  of  369,  we  are  left  with 
324y  which  may  be  written  consecutiyely  in  a  schedule  of  12  columns 
and  27  rows,  of  which  each  corresponds  to  a  semi-lunar  period.  The 
summing  and  analysis  is  the  same  as  in  the  last  case,  but  the  final 
division  is  by  24  times  W,  or  by  648. 
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In  thJB  way  we  evaltiAto  the  Itini-Bolar  fortnightly  and  lunar  fort- 
nightly inequalities  in  the  height  of  the  water. 

The  period  of  the  moon  is  between  27  and  26  days,  and  if  we  erase 
appropriately  abont  one  day  in  eight  we  are  left  with  sets  of  24  Talnos 
which  may  be  taken  as  24  equidistant  values  of  the  daily  sums. 
Accordingly  we  erase  46  daily  snma  ont  of  358,  and  write  the  312 
which  remain  conseontiTely  into  a  schedule  of  24  oolumns  and  1^ 
rows,  of  which  each  correspondB  to  a  lunar  anomaliatio  period. 

The  24  colnmns  are  summed  and  the  sums  analysed  for  the  first  com- 
ponents. Finally,  the  compouenta  are  to  he  divided  by  24  times  13,  or 
by  312.     In  this  way  the  lunar  monthly  tide  is  evaluated. 

Bat  the  result  obtained  in  this  way  is,  as  far  as  conoems  the  tide 
KSf,  to  some,  and  it  may  he  to  a  large,  extent  fictitions.  It  repi-e. 
sents,  in  fact,  a  residnnm  of  the  principal  lunar  tide  M).  That  this  is 
the  case  will  now  be  proved. 

Sappose  that  Co  is  an  integral  number  of  days  since  epoch,  being 
the  time  of  noon  on  a  certain  day ;  then  the  principal  lunar  tide  M,  on 
that  day  may  be  written  ffHCos[2  (7— ir)(t>-f-T)— f«],  where  t  is  leas 
than  24  hours.    Then  the  daily  som  for  that  day  will  be 


1  (7-<r) 


Now  since  fc  is  an  integral  number  of  days  2  {7— -rjio  only  differs 
from  — 2(0— )j)  to  by  an  exact  multiple  of  360° ;  hence  the  argument 
of  the  cosine  maybe  written  2  (ir—i))  Co  — 28(7— o)-|-f«. 

Bat  the  true  luni-solar  fortnightly  tide,  which  we  may  denote 
fffcoa[2(ff—ij)(fo-f7)  —  i;],  varies  so  slowlyin  the  course  of  a  day 
that  the  daOy  sum  is  sensibly  equal  to 

24fHco8  [2  (•— 7)  (o+23(»-'))— C]- 

It  thus  appears  that  the  residual  effect  of  At]  is  of  exactly  the  same 
form  aa  that  of  MSf.  It  becomea,  therefore,  necessary  to  clear  the 
harmonic  components,  determined  as  described  above,  from  the  effects 
ofM,. 

In  order  to  determine  the  values  of  these  clearances,  I  found  the 
values  of  cob2(o— ij)(  and  sin2(ir~]j)i  for  every  noon  in  a  year  of 
369  days.  I  then  erased  the  valaee  selected  for  the  treatment  of 
MSf  and  analysed  the  remaining  values.  In  this  way  it  was  easy  to 
find  the  effect  of  the  known  M|  tide. 

Suppose  that  Ai,  Bi  are  the  first  harmonic  components  determined 
by  the  treatment  of  a  scries  of  daily  sams,  and  that  £Ai,  £B]  are  the 
corrections  to  be  applied  to  them  to  eliminate  the  effects  of  M],  then 
I  find  that  if  A«,  B«  are  the  two  components  of  M*  aa  detecminad  fa's 
the  previous  method  (§  6)  of  analysis, 

2q% 
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^Ai  =  H-0'0804A«— 0-0171  B«, 
«Bi  =  —00171  Ag,— 0-0304  B|», 

C  =  Ai+«Ai,  D  =  Bi  +  aBi. 

0—0-047  D  =  0*092  fff  COS  ?, 
D  +0-047  C  =  0-992  f Jff  sin  f . 

Whaice  f  being  known  from  Baird's  manual  (being  a  fnnction  of 
the  longitude  of  moon's  node),  H  and  ^  are  determinable.  We  have 
also 

c  =  f-h2(f>-f-^+v)+ll**-7. 

In  tbe  set  of  computation  forms  whiob  I  have  prepared  for  use  on 
the  present  plan,  it  is  shown  what  days  are  to  be  erased  for  each  of 
the  three  analyses,  and  how  thej  are  to  be  entered  in  schedules, 
summed,  and  analysed. 

§  9.  On  abridgment  in  the  computations. 

It  seemed  probable  that  one  decimal  of  a  foot  would  suffice  to 
express  the  hourly  tide  heights.  In  order  to  test  this,  I  have  taken 
several  individual  days  of  observation  at  Port  Blair,  and  have  found, 
by  harmonic  analysis,  the  time  and  amplitude  of  the  diurnal  and 
semi-diurnal  H.W.,  first,  when  the  hourly  heights  are  expressed  to 
two  decimal  places  of  a  foot,  and  secondly,  when  they  are  only 
entered  to  the  nearest  tenth  of  a  foot.  I  find  that  the  times  of  H.W. 
agpree  within  less  than  a  minute  of  time,  and  that  the  amplitudes 
agree  within  a  fraction  of  an  inch.  If  this  much  be  true  of  indi- 
vidual days,  the  difference  of  results  arising  from  two  or  one  place  of 
decimals  will  clearly  entirely  disappear  when  a  series  of  days  is  con- 
sidered. .Hence,  by  taking  as  unit  the  tenth  of  a  foot,  or  the  inch,  or 
even  two  inches  at  places  with  large  tides,  we  may  always  express  all, 
or  nearly  all,  the  heights  on  which  we  are  to  operate  by  two  signifi- 
cant figures.  The  adoption  of  this  rule  not  only  saves  the  writing  of 
a  large  number  of  figures,  but  also  enormously  diminishes  the  labour 
of  the  additions  which  have  to  be  made. 

It  also  seemed  probable  that  substantial  accuracy  might  be  attained 
from  the  harmonic  analysis  of  only  12  hourly  values  instead  of  24. 
In  order  to  test  this  I  took  the  tidal  reductions  for  Port  Blair, 
Andaman  Islands  (kindly  lent  me  by  the  Survey  of  India),  and  have 
compared  the  results  which  would  have  been  derived  from  12  values 
with  those  actually  obtained  from  24  values  by  the  computers  of  the 
Indian  Survey.     The  following  tables  give  the  results : — 
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Semi-diurnal  tidet. 


Initul. 

Besolt*  from  13 
two-lxourlj  rslun. 

B«iau  from  24 
hourij  value.. 

Error,  (12) -(24). 

^ik- 

+  0 

t. 

esss 

6775 

+  0 
+  0 

t. 

6890 
6768 

h. 
-0-0007 
+  0-0006 

Hk-- 

-1 
+  1 

7032 

0883 

-1 
+  1 

7006 
0872 

-0-0027 
+  0-0011 

Hk- 

-0 
-0 

1437 
2527 

-0 

-0 

1407 
2515 

-0-0030 

-0-0018 

Hk- 

+  0 
+  0 

0357 

0612 

+  0 

0347 

0610 

+  0  0010 
+  0*0002 

Hk-- 

+  0 
+  0 

84S2 

2192 

H-0 
+  0 

3486 
212-k 

-o-oo« 

+  0-0068 

■ik- 

-0 

+  0 

1217 
0867 

-0 

+  0 

1165 
0887 

■     -0-0052 
-0-0020 

'ikz 

+  0 
+  0 

0887 
0388 

+  0 
-0 

0849 
0388 

-0-0008 

-O'oooe 

««{i:: 

-t-O-OOSS 
-0  0198 

+  0 
-0 

0037 

oaoo 

+  0-0018 
+  0  0002 

Diurnal  tides. 


'{k 
-{k 


ft. 

+  0  0175 
+  0'0223 

+  0-0120 
-0-0168 

+  0-3815 
+  0-1308 


-0  0173 

+  0-3847 


'{k 


-0  0167 

-0'1287 

-0  0193 
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The  mean  discrepancy  in  the  case  of  the  semi-dinmal  tides  is 
0*0022  ft,  and  the  greatest  is  +0*0068;  in  the  case  of  the  diurnal 
tides  the  mean  discrepancy  is  0*0026  ft.,  and  the  greatest  is  0*0089. 

In  tidal  work  results  derived  from  different  years  of  observation 
differ  far  more  than  do  these  two  sets  of  results,  and  hence  the  ana- 
lysis of  12  two-hourly  values  for  diurnal  and  semi-diurnal  tides  gives 
adequate  results. 

I  find  that  this  abbreviation  does  not  give  satisfactory  results  for 
quater-diumal  tides,  and  the  sixth  harmonic  is  not  derivable  from  12 
values.  Therefore,  when  these  tides  are  to  be  evaluated  the  24 
hourly  values  must  be  used. 

It  will  still  be  necessary  to  write  all  the  24  hourly  heights  on  each 
computing  strip,  but  when  the  strips  are  put  into  any  one  of  the 
arrangements,  except  where  quater-diumal  tides  are  required,  wo 
need  only  add  up  the  columns  0,  2,  4, .... ,  22,  and  may  omit  the 
columns  1,  3,  • .  • . ,  23. 


§  10.  On  a  trial  of  the  proposed  method  of  reduction. 

As  already  mentioned,  I  have  the  tidal  reductions  for  one  year 
(beginning  April  19,  1880)  for  Port  Blair,  Andaman  Islands.  I  am 
thus  able  to  make  a  comparison  between  the  results  of  the  old  method 
and  of  tjie  new.  The  computation  was,  in  large  part,  done  for  me  by 
Mr.  Wright. 

It  appeared  sufficient  to  evaluate  the  tides  of  the  S  series  and 
those  allied  with  them,  the  tides  of  the  M  series,  and  the  tide  Q ;  also 
the  tides  of  long  period  MSf,  Mf ,  Mm. 

The  S  series  test  the  new  process  of  harmonic  analysis  of  monthly 
harmonic  components  for  annual  and  semi-annual  inequalities.  I 
chose  M  because  it  is  the  most  important  tide,  and  Q  because  it  puts 
the  proposed  method  of  grouping  to  a  severe  test,  and  is  very  small  in 
amplitude. 

In  the  Q  time  scale  the  day  is  26^  52™  of  mean  solar  time,  from 
which  it  follows  that  one  of  the  24  mean  solar  hourly  observations 
may  fall  as  much  as  2^  0°^  away  from  the  exact  Q  hour  to  which  it  is 
reputed  to  belong.  Thus  the  hourly  observations  are  arranged  in 
wide  groups  round  the  Q  hours,  and  the  hypothesis  involved  in  the 
method  is  put  to  a  severe  strain. 

Lastly,  the  results  for  tides  of  long  period  test  my  proposed 
abridgment. 

It  will  be  seen  in  the  table  on  p.  379  that  the  two  methods  give 
results  in  close  agreement.  There  is,  however,  a  sensible  discrepancy 
in  the  Ka  tide,  but  in  this  case  I  am  inclined  to  accept  the  new  value 
as  better  than  the  old  one.  This  tide  is  governed  by  sidereal  time, 
which  differs  but  little  from  mean  Bolar  time.     Hence,  in  the  Indian 
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Tides  of  Long  Period, 
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method  of  grouping,  considerable  errors  of  incidence  of  the  S  hours 
in  the  K  time  scale  prevail  for  many  days  together,  and  the  method 
seems  of  doubtful  propriety.  The  same  is  true  of  the  P  tide,  and  here 
also  the  two  methods  give  somewhat  different  results. 

The  accuracy  with  which  the  very  small  Q  tide  comes  out,  whether 
from  24  values  or  only  from  12,  is  surprising,  and  may  perhaps  be,  to 
some  extent,  due  to  accident.  It  shows,  however,  that  the  present 
method  may  be  safely  applied,  even  when  the  special  time  scale 
differs  considerably  from  mean  solar  time. 

The  results  for  the  tides  of  long  period  are  quite  as  close  to  the  old 
values  as  could  be  expected. 

§  11.^  comparison  of  IJie  work  involved  in  the  new  and  old  methods  of 

reduction. 

It  has  been  usual  in  the  Indian  reductions  to  use  three  digits  in 
expressing  the  height  of  water,  and  there  have  been  15  series,  or  even 
more.  Now  8  x  24  x  365  x  15  is  394000 ;  hence  the  computer  has  had 
to  write  that  number  of  figures  in  reducing  a  year  of  observation. 
This  does  not  include  the  evaluation  of  the  annual  and  semi-annual 
tides,  so  that  we  may  say  that  there  have  been  about  400,000  figures 
to  write. 

I  propose  to  express  the  heights  by  two  digits,  and  they  only  have 
to  be  written  once.  Thus,  in  the  present  plan,  the  number  of  figures 
to  write  is  2x24x365,  or  17,500.  Thus  the  writing  of  382,000 
figures  is  saved. 

In  the  old  method  the  computer  had  to  add  together  all  the  digits 
written,  say,  394,000  additions  of  digit  to  digit. 

I  propose  to  use  24  hourly  values  in  three  series,  viz.,  S,  M,  and 
MS,  and  12  two-hourly  values  in  eight  others.  Therefore,  the  number 
of  additions  will  be  3  x  2  x  24  x  365 + 8  X  2  x  12  x  365  or  123,000.  Thus 
270,000  additions  are  saved. 
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We  may  say  tha.t  formerly  there  were  about  800,000  operations 
(writmff  and  addition),  and  that  in  the  present  method  there  will  be 
aboDt  140,000.  Thia  estimate  does  not  inclada  a  saving  of  seTeral 
thoneandB  of  operatioiis  in  obtaining  the  tides  of  long  period.  I  am 
therefore  within  the  mark  when  I  claim  that  the  work  formerly  be- 
stowed on  one  year  of  observation  will  now  redace  at  least  five 
years. 

It  has  been  found  that  the  manniaotnre  of  my  oompnting  strips  of 
xylonite  is  rather  expensive,  bnt  as  it  formerly  cost  in  England 
rather  more  than  £20  to  reduce  a  year  of  observation,  the  cost  of  the 
apparatns  will  be  covered  by  the  saving  in  the  reduction  of  a  single 
year,  and  it  will  serve  for  any  length  of  time. 


§  12.  On  the  completion  of  the  record  for  thort  gap*  and  loitg  gapg. 

Id  any  long  series  of  tidal  observations  there  are  osnally  some 
breaks  in  the  record  in  consequence  of  the  stoppt^  of  the  clock  of 
the  tide  gauge,  or  from  some  other  cause.  Now  the  process  of  elimi- 
nation by  grouping  depends  essentially  on  the  completeness  of  the 
record,  and  it  is  therefore  necessary  to  fill  in  blanks  by  interpo- 
lation. 

Such  interpolation  has  not  been  nsnal  in  the  operationB  of  the 
Indian  Survey,  and  tt  might  be  thought  that  the  complete  omission  of 
the  missing  entries  is  the  proper  coarse  to  take ;  bnt  it  is  easily  shown 
that  this  treatment  is  exactly  eqnivalent  to  the  aesumption  that  the 
water  remained  stagnant  at  mean  sea  level  during  the  whole  time  of 
stoppage  of  the  gauge.  It  is  obvious,  therefore,  tiiat  any  conjectural 
values  are  better  than  none. 

The  process  by  which  it  is  proposed  to  interpolate  is  best  shown 
by  an  example. 

-  At  Port  Blair  (begiuning  April  19,  1880)  the  column  of  6"  from 
days  99  to  112  gives  the  heights  shown  in  the  first  column  of  the 
table  below.  I  suppose  that  the  tide  gauge  broke  down  on  day  103, 
and  only  came  into  action  again  on  day  110.*  There  was  really  no 
break  down,  and  the  actuality  during  the  supposed  hiatus  is  shown 
in  the  Isat  column  but  one. 

Ifow  if  we  look  back  abont  a  month  we  find  that  the  water  stood 
about  the  same  height  at  the  same  honr  of  the  day  (viz.,  6'').  Then 
the  "  previous  record  "  (which  is  complete)  beginning  at  69^  is  en- 
tered in  the  next  colomn.  Similarly  a  "  sabaequeot  record  "  is  found 
about  a  mouth  later,  and  is  entered  in  a  third  column.  The  mean  of 
the  previous  and  subsequent  records  is  then  taken  as  giving  the 
volnes  to  be  interpolated. 

*  The  day*  are  here  Ditmbered  from  1,  initead  of  froui  0.  Thi«  hta  'btt«n  tib« 
UMge  in  India  billwrto. 
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The  last  two  columns  contain  a  comparison  between  the  interpo- 
lation and  what  in  the  present  case  we  know  to  have  been  actnaliiy. 
There  is  a  mean  error  of  0*20  ft.  Thns  it  is  clear  that  a  fair  record 
may  be  interpolated  even  with  so  long  a  break  as  a  week. 

In  this  example  I  have  only  shown  the  interpolation  for  one 
colnm!D,  bat  of  coarse  all  the  other  twenty-three  columns  would  really 
have  to  be  treated  similarly. 

I  find  by  trial  that  the  result  wbuld  be  a  little  improved  by  a 
graphical  method,  but  that  process  is  slightly  more  troublesome  than 
the  numerical  one. 


Table  of  Interpolation. 


Defective 
record. 

Preyioiu 
record. 

Sabsequent 
reoOTd. 

Mean  of 

prcTious  and 

subsequent. 

Actuality. 

Error. 

Day.    e\ 

Day.    e*-. 

Day. 

&, 

99    2-54 

69    2  02 

129 

2-66 

2*29 

100    8-13 

70    2-83 

130 

3-07 

2-95 

101    8*86 

71    8-70 

181 

3-70 

8-70 

102    4-40 

72    4-65 

132 

4-27 

4-41 

103       .. 

73    5  10 

133 

4-88 

4-99"^ 

• 

4-83 

+  0  16     , 

104      .. 

74    6-60 

134 

6-27 

6-44 

1 

6*24 

+  0-20 

106       .. 

76    6-72 

186 

6*86 

6-54 

■1 

1 

6-39 

+  0  16 

106      .. 

76    6-67 

136 

6*28 

6-48 

5-18 

+  0-30 

107      .. 

77    6-69 

137 

4-92 

6-26 

4-90 

+  0-36 

108      .. 

78    5  04 

138 

4*44 

4-74 

4-63 

+  0-21 

109      .. 

79    4-62 

139 

3-57 

4  10^ 

t-< 

4  05 

+  0-05 

110    3-82 

80    3-81 

140 

2-95 

8-38 

111    2-64 

81    3-26 

141 

2*60 

2-38 

112    2  -17 

82    2-73 

142 

1-99 

2-36 

It  may  happen  that  the  hiatus  is  too  long  for  treatment  in  this 
way.  I  do  not  think  it  would  be  safe  to  treat  much  more  than  a  fort- 
night by  interpolation. 

It  has  been  shown  in  §  4  how  the  tides  associated  with  S  are  to  be 
treated  where  the  record  i^  deficient,  and  it  remains  to  consider  the 
other  tides. 

In  §  7  are  given  the  days  with  which  we  must  stop  in  the  analysis 
of  an  incomplete  year,  and  this  table  afEords  us  the  means  of  treating 
a  long  hiatus  in  the  observation. 

We  may  in  fact  omit  all  the  entries  between  any  two  of  the 
numbers  given  in  the  table  without  seriously  affecting  the  result. 

Let  us  suppose,  as  an  example,  that  the  tide  gauge  broke  down  on 
day  210  and  was  only  repaired  and  in  operation  again  on  day  226. 
1^0 w  210  is  148  +  62,  and  225  is  222+3. 

Then  we  see  by  tbe  taVAe  \n  %1  Vi\i^^  m  ^wdvci^  the  means  for 
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M,  2B1M,  MS,  when  the  compating  Btripe  are  written  for  the  third 
time,  we  most  remore  strips  59,  60,  61  (which  have  nninberB  written 
on  them)  and  may  leave  the  remaining  strips  of  that  writing  which 
are  blank.  When  the  strips  are  written  for  the  foarth  time  strips 
0,  1,  2,  3  will  be  blank,  bat  we  most  remove  strips  4  to  13  inclnsiTe. 
When  oil  the  stripe  are  need  in  a  complete  year  there  are  369,  and 
this  is  the  divisor  nsed  in  obtaining  the  harmonic  constants,  but 
when  there  is  this  snpposed  hiatns  we  do  not  nse  15  strips  of  the 
third  writing  and  14  strips  of  the  fonrth  writing,  so  that  the  divisor 
will  be  340. 

,  Again,  when  we  are  evaluating  O  in  the  third  wi-iting,  strips  57, 
58,  59,  60,  61  most  be  removed,  and  in  the  fourth  writing  strips 
4  to  9  inclusive.  In  a.  complete  year  the  divisor  is  369,  but  we  now 
do  not  nse  17  strips  of  the  third  writing  and  10  of  the  fourth  writing, 
so  that  the  divisor  becomes  342. 

Again,  in  evalnating  N,  L,  J,  Q,  in  the  third  writing  we  remove 
strips  45  to  61  inclnsive,  and  in  the  fonrth  writing  strips  4  to  25 
inclnsive.     The  divisor  is  rednced  from  358  to  303. 

Lastly  in  evaluating  v,  in  the  third  writing  strips  43  to  61  inclu* 
sive  are  removed,  and  in  the  fourth  writing  strips  4  to  31  inclusive. 
The  divisor  is  reduced  from  350  to  287. 

Any  hiatus,  be  it  long  or  short,  may  be  treated  in  this  way,  bat  it  is 
clear  that  if  it  be  short  enough  to  treat  by  interpolation,  it  is  best  to 
adopt  that  method. 

INSTRtrCTIONS    FOR   USING    THE    COMPUTING 
APPARATUS. 

The  apparatus  for  the  reduction  of  tidal  observations,  together  with 
compntution  forms,  can  be  purchased  from  the  Cambridge  Scientific 
InstriuneDt  Company  at  a  price  (as  far  as  can  be  now  foreseen)  of 
aboDt  £8. 

In  case  of  any  insufficiency  in  the  following  instmctions  recourse 
must  be  taken  to  the  preceding  paper. 

On  (Ae  degree  of  accuracy  requisite  in  tlie  hourly  heights. 

It  will  usually  be  sufficient  if  the  heights  be  measured  to  williin 
one-t«nth  of  a  foot,  and  the  decimal  point  may,  of  course,  be  omitt«d 
in  compntation. 

This  gives  amply  sufficient  accuracy  at  a  place  where  the  semi- 
range  of  the  principal  lunar  tide  is  2  ft.,  and  where  spring  range  is 
from  6  ft.  to  7  ft. 

At  some  places  with  small  .tides  a  smaller  unit  might  be  necessary, 
and  at  others  with  very  large  tides  a  unit  of  2  in.,  or  of  a  fifth  of  a 
foot,  might  suffice. 
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Whatever  unit  of  length  be  taken  it  is  important,  for  the  saidng  of 
work,  and  it  is  sufficient,  that  all  or  nearly  all  the  heights  should  be 
expressed  by  two  digits. 

Completion  of  record. 

If  there  is  an  accidental  break  in  the  record,  it  is  yery  important 
that  it  should  be  completed  according  to  the  method  shown  in  §  12, 
or  by  some  other  equivalent  plan. 

The  computation  forms  are  drawn  up  on  the  supposition  that  the 
year  of  observation  is  complete,  but  with  proper  alterations,  which 
will  now  be  indicated,  they  may  be  used  in  other  cases. 

In  §  4  it  is  shown  how  to  treat  the  tides  of  the  S  group  when  the 
observations  have  been  subject  to  a  long  stoppage  in  the  course  of  the 
year,  and  also  when  the  observations  extend  over  any  period  from  six 
months  to  a  year. 

In  §  5  it  is  shown  how  to  treat  the  S  group  for  a  short  period  of 
observation. 

If  the  stoppage  be  a  long  one,  the  method  explained  in  §  12  must 
be  adopted  for  all  the  other  tides.  The  same  section  also  shows  the 
treatment  for  observations  extending  over  any  period,  long  or  short, 
less  than  a  year. 

Entries  and  summations. 

The  computing  strips  are  intended  to  take  writing  in  pencil  or 
liquid  Indian  ink,  bat  not  in  common  ink. 

They  are  to  be  cleaned  with  a  damp  cloth,  and  a  little  soda  may  be 
put  in  the  water  if  they  become  greasy. 

Lay  the  red  S  sheet  on  one  drawing  board  and  set  up  the  strips 
with  their  ends  abutting  against  the  corresponding  numbers.  The 
strip  numbered  60  is  also  to  be  put  on  the  board. 

Write  the  hourly  heights  for  each  day  on  the  strip  bearing  the 
corresponding  number,  strip  0  for  day  0,  strip  1  for  day  1,  and  so  on 
up  to  strip  73  for  day  73.  The  24  hourly  heights  are  to  be  written  in 
the  24  divisions  of  each  strip,  beginning  on  the  left  with  0^  and  end- 
ing on  the  right  with  23**. 

Remove  strip  60. 

Sum  the  24  columns  formed  by  the  divisional  marks  on  consecutive 
sets  of  30  strips.  Thus,  days  0  to  29  afEord  24  sums ;  days  30  to  59 
afiEord  the  second  set  of  24  sums ;  days  61  to  73  afford  24  sums,  which 
are  the  beginning  of  a  third  30,  to  be  completed  when  the  second  set 
of  74  days  shall  have  been  written  on  the  strips. 

The  numbers  0,  1,  2,  .  .  .  .,  23, 0, 1,  .  .  .  .,  23  at  the  head  and  foot  of 
the  gaide  sheet  indicate  the  hours  corresponding  to  the  columns. 

The  sums  of  the  coVumnE  on  Ocl^  Vic^idx^L  «x^  tc^  be  entered  in  the 
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ODrrespondiiig  oolanuu  of  the  form  "Honrlj  aiuns  of  S  Beries  in 
twelve  months." 

Lay  the  red  If  f^ide  Bbeet  on  the  other  drftwing  hoard,  and 
transfer  the  Btrips  from  the  first  hoard  to  the  new  arrangement  shown 
by  the  zigzag  lines,  strip  60  being  noir  reintrodnced. 

There  will  now  be  43  colanms  (more  exactly  47,  since  one  of  the 
oolniims  will  be  fonnd  to  have  nothing  in  it),  numbered  at  top  and 

bottom  0,  1, ,  23,  0,  1, ,  23.     Each  of  the  48  colnmns  is  to  be 

snmmed  from  hottonL  to  top  (not  as  for  S  in  gronps  of  30),  and  the 
anma  are  to  be  entered  in  the  form  "  Sams  of  aeries  M,"  The  24 
snms  which  come  from  the  left  half  of  the  board  will  be  entered  in 
the  row  marked  "  red  left,"  those  from  the  right  in  the  row  miurked 
"  red  right," 

lay  the  red  N  sheet  on  the  other  board,  and  transfer  the  strips. 

In  accordance  with  §  9,  it  will  now  naaally  suffice  to  sum  only  the 
colnmnB  appertaining  to  the  even  honrs  0,  2,  4,  . .  .  .,  22 ;  as  these 
hours  are  repeated  twice,  there  will  now  be  24  colnmns  to  sum. 

The  snms  are  then  to  he  entered  on  the  form  "Sams  of  serien  N," 
in  the  alternate  colnmns.  The  complete  form  ia  provided,  so  that  all 
the  24  hourly  values  may  be  nsed  if  it  be  thought  desirable,  hut  this 
labour  seems  unnecessary,  at  least  in  a  long  series  of  observations. 

Lay  the  successive  red  sheets  on  the  vacant  board,  transfer,  sum,  and 
ester,  until  all  the  red  sheets  are  exhausted. 

In  the  case  of  S,  M,  MS  the  sums  of  bX\  the  colnmns  are  necessary, 
hut  in  the  other  eight  arrangements  only  the  sums  of  the  alternate 
oolunms,  those  of  the  even  hours,  are  asnally  necessary.  For  a  short 
series  of  observations  it  may  be  best  to  use  all  the  columns,  but  in  this 
case  it  will  certainly  not  be  worth  while  to  attempt  the  evalnation  of 
v,  J,  Q,  /*,  2SM,  which  are  all  email  in  amoant. 
^  IF  the  tides  of  long  period  MSf,  Uf,  Mm  are  required,  the  24 
numbers  written  on  each  strip  must  be  added  together,  and  the  sum 
entered  in  the  form  "  Long  period  tides — daily  sums." 

Glean  the  strips. 

In  exactly  the  same  way  work  through  the  next  74  days,  from  74* 
to  74* +  73*,  with  yellow  guide  sheets.  Then  clean  the  strips,  and 
take  another  74  days  with  green  guide  sheets,  and  so  on  with  the 
blue  and  violet. 

In  the  last  (violet)  set  attention  must  be  paid  to  the  rules  as  to  the 
places  where  the  analysis  is  to  stop  in  each  arrangement. 

If  the  year  of  observation  is  so  incomplete  that  the  hiatus  cannot 
be  made  good  by  interpolation,  or  if  the  series  does  not  run  over  the 
complete  year,  the  sf^rieB  must  stop  with  one  of  the  days  specified  in 
the  table  at  the  end  of  §  7,  uid  a  note  must  be  made  of  the  number  of 
days  used  in  each  series. 

The  strips  marked  for  omisman  OQ  the  violet  sbeeta,  oc  V^oea 
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selected  for  omission  under  the  rules  of  §  7,  may  be  hidden  by  a  sheet* 
of  paper  when  the  summations  are  being  made. 

The  additions  of  S,  M,  MS  may  be  verified  by  proving  that  the 
grand  total  of  all  the  numbers  (inclusive  of  omitted  strips  in  S) 
written  in  each  of  the  sets  of  74  days  is  the  same  in  whatever  way 
they  are  arranged.  Thus,  the  sum  of  the  48  columns  should  be  equal 
to  the  sum  of  the  daily  sums.  An  incomplete  verification  in  the  other 
arrangements,  when  only  half  the  columns  are  summed,  is  found  by 
showing  that  the  sum  of  all  the  hourly  sums  of  each  74  days  is  nearly* 
equal  to  half  the  grand  total  of  all  the  numbers  written  in  that  period 
of  74  days. 

When  the  guide  sheets  become  worn  with  many  pin  pricks  they 
may  easily  be  patched  with  adhesive  paper.  There  seems  no  reason 
why  this  patching  should  not  go  on  almost  indefinitely.* 

*  It  if  possible  that  it  may  be  desired  to  evaluate  the  tides  00  and  2N,  for  wbich  no 
guide  sheets  are  provided.  I  therefore,  give  instructions  for  the  preparation  of  guide 
sheets  for  these  oases.  They  will  be  understood  by  any  one  who  has  the  set  of 
guide  sheets  before  him.  With  the  instructions  given  below,  the  computer  might 
indeed  set  up  the  strips  without  a  guide-sheet. 

I  describe  the  staircase  as  descending  from  left  to  right  or  from  right  to  left,  and 

1  define  a  short  step  as  being  one  space  down  and  one  space  to  the  left  or  right,  aa 
the  case  may  be,  and  a  long  step  as  one  space  down  and  two  to  the  left  or  right,  aa 
the  case  may  be.    When  I  say,  for  example,  that  a  short  follows  2, 1  mean  that 

2  to  8  is  a  short  step.  The  first  mark  on  each  sheet  is  specified  by  its  incidence  ia 
the  row  of  hours  at  the  top. 

00 ;  descending  from  left  to  right. 

The  sequence  is  long  several  times  repeated  and  then  short. 

Bed;  0  between  0^  and  1^;  shorU  follow  2,  7, 18, 19,  24,  80,  36,  41,  47,  58,  68,. 

64,  69. 
Yellow  ;  0  between  15^  and  16^  ;  shorts  follow  1,  7, 12, 18,  24,  29,  35, 41,  46, 52» 

57,  63,  69. 
Green ;  0  between  6^  and  7^ ;  shorts  follow  0,  6,  12,  17,  28,  29,  34,  40, 45, 51, 57>- 

62,68. 
Blue ;  0  between  211"  and  22^ ;  shorts  follow  0,  5, 11, 17,  22,  28,  33;  39,  45,  50, 

56,  62,  67. 
Yiolet;  0  between  ll*"  and  ]2i* ;  shorts  follow  5, 10, 16,  21,  27,  83,  88, 44, 50,55». 

61,  67,  72. 
The  last  strip  used  for  a  year  is  72. 
2N  :  descending  from  right  to  left. 

The  sequence  is  long,  long,  short,  long,  long,  short,  and  at  intervals  three  longs- 
and  a  short. 

Bed;  0  between  22*' and  23*";  shorts  follow  1,  4 ,16;  20,  23,  ....,35;  89,. 

42,  ....,57;  61,  64,  ....,70. 
Yellow;  0  between  18»»  and  19»»;  shorts  follow  2 ;  6,9, ,21;  25,  28, .. ..  ,40; 

44,  47,  ....,  59;  63,  66,  .. .. ,  72. 
Green ;  0  between  13'*  and  14»» ;  shorts  follow  1, 4 ;  8, 11^ . . . . ,  26 ;  30, 33, . . . . ,  45  ^ 

49,  52, . . . . ,  64 ;  68,  71. 
Blue;  0  between   8»»  and9»»;  shorts  follow  0,  3,  6,  9 ;   13,  16, ,28;  82„ 

85,  ....,50;  54,  57,  ....,69-,  78. 
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Howly  mm*  and  harmonic  analytit. 

Complete  the  snmiaatiozia  id.  tlie  forma  for  honrly  sums,  ftnd  copj 
into  the  forms  for  harmomo  analf  eia.  In  this  copying  it  will  gene- 
rally sntSce  if  the  hist  figare  in  the  honrly  sums  be  omitted ;  for 
example,  if  the  observations  are  entered  to  the  nearest  tenth  of  a  foot 
the  honrly  snma  will  be  given  in  the  same  nnit,  and  it  will  BuiEce  if 
the  honrly  anms  analysed  be  written  to  the  nearest  foot. 

There  are  12  analyses  (one  for  each  month  of  30  days)  for  the 
honrly  snms  in  S,  and  one  analysis  for  each  of  the  other  10  arrange- 
ments. All  the  forms  are  provided  with  spaces  for  24  hoarly  sams,  bnt 
in  the  eight  series  N,  L,  v,  0,  Q,  J,  ;i,  2SM,  where  only  12  values  will 
commonly  be  used,  the  entries  will  only  be  made  on  the  alternate 
rows  of  0",  2", . . . .,  22''.  In  these  cases  the  divisor  12,  which  occnrs 
in  the  pennltimate  stage  of  finding  the  A'a  and  B's,  mnst  be  replaced 
by  6. 

The  lai^  divisors  (viz.,  369  for  M,  ^  2SM,  MS  ;  369  for  0  ;  358 
for  N,  L,  J,  Q ;  and  350  for  c)  represent  the  number  of  days  nnder 
redaction,  and  mnst  be  altered  appropriately  (see  table,  S  7)  if  there 
be  long  gaps  in  the  observations,  or  if  the  year  be  incomplete,  or  if 
the  series  be  a  short  one. 

If  some  one  of  the  monthly  analyses  of  8  is  deGcient  the  missing 
^'s  and  ^'b  are  to  be  made  good  by  interpolation.* 

It  is  then  necessary  to  analyse  the  monthly  valnes  of  the  ^'s  and 
^'s  derived  from  the  12  analyses  of  S.  We  thns  obtain  A«,  A„  Bi, 
A,,  B^  Co,  Oih  C„  D,,  c,,  d,,  Eo,  eo,  E„  F„  e,,  f„  E^  F„  e,,  f„.  The  rnlea 
for  these  analyses  when  the  year  is  incomplete  are  given  in  §  4,  and 
the  compatation  forms  only  apply  to  the  case  of  the  complete  year. 

Attronomicdl  data  and  final  reduction. 
Determine  from  the  '  Naatical  Almanac '  and  Major  Baird'a 
'  Manual  of  Tidal  Observations  '*  the  astronomical  data  at  0"  local 
M.T.  on  day  0,  and  proceed  according  to  the  form  to  find  tne  initial 
argnments  and  factors  for  redaction.  The  astronomical  data  are  then 
to  be  need  in  the  forms  for  final  rednotion. 

We  have  generally  B  =  Rsin?,  A=:Rcos£'i  the  forms  are 
arranged  so  that  col<^  A  is  to  be  added  to  logB  to  find  log  tan  f,  and 
thence  f .  If  f  lies  between  —45'  and  45°  or  between  135°  and  225°, 
log  sec  f  is  added  to  log  A  to  find  R  j  if  f  lies  between  45°  and  135° 
or  between  225°  and  315°,  log  cosec  ^  is  added  to  log  B  to  find  B. 

TiQiet;  0  botweea  4^  and  5X  ;  ihorti  (oUow  2,  5, 14;  18,21 ,83;  37. 

40, 62;  66,  69,  ....,71. 

Tha  lut  itrip  wed  tor  %  jew  ii  61. 

■  Taylor  and  Fnooia,  London,  1886,  price  7«.  6<^ 
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Accordingly  the  compntation  form  has  log  sec  f,  room  being  left 
for  the  syllable  *'  co  "  if  necessary ;  tmdemeath  this  is  written  log  , 
and  the  compnter  will  insert  A  or  B  as  the  case  may  be. 

There  is  usually  required  also  a  numerical  factor  l/f  or  ^f,  or  both  ; 
the  logarithms  of  the  l/f  are  found  amongst  the  astronomical  data, 
and  the  logarithms  of  the  constant  Jf s  are  printed  in  the  forms  in 
their  proper  places. 

The  treatment  of  the  21  harmonic  components  derived  from  the 
harmonic  analysis  of  the  5  ^'s  and  |P's  is  shown  in  the  forms. 

The  tides  of  long  period. 

The  processes  inyolved  in  the  evaluation  of  these  tides  are  suffi- 
ciently shown  in  the  forms. 


Postscript.    December  17, 1892. 

Correction  to  prevums  paper. 

An  error  has  been  detected  on  p.  333  of  my  paper  ^'  On  the  Har- 
monic Analysis  of  Tidal  Observations  of  High  and  Low  Water/' 
*  Roy.  Soc.  Proc./  vol.  48  (1890). 

In  the  example  of  reduction  certain  tabular  values,  extracted  from 
Baird's  '  Manual/  have  the  wrong  signs  attributed  to  them.  Since 
in  1887  the  longitude  of  the  moon's  node  lay  between  0**  and  180°, 
the  signs  of  i/,  f,  v,  2u"  should  be  positive,  instead  of  negative  as 
stated  on  p.  333.  When  this  error  is  corrected  the  reduction  leads  to 
the  following  comparison : — 

Computed.    Mean  of  9  yrs.  obs. 

ft. 

4-04 

330* 

1-63 

3° 

0-41 

352" 

1-00 

313^ 

009 

308" 

1-40 

45° 

0-66 

48" 
0-40 

43^ 


ft. 

M.{H 

_^ 

3-98 
330*^ 

S.{f 

zsz 

1-68 
2** 

Z.{H 

= 

0-46 

2° 

N{f 

„_„ 

104 
317° 

Hf 

= 

Oil 
237° 

^■{f 

■MM 

1-24 
41° 

"{f 

zsz 

0-69 
59" 

Hf 

_ 

0-41 

4r 
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If  the  calcolaticma  had  been  ooDdncted  b;  rigoroos  methode,  the 
two  oolamnB  would  have  agreed  nearl;  with  one  another. 

I  ma;  mention  that  I  hare  copies  of  a  table  of  (7 — a)  <  ap  to 
90  days  (see  p.  304  of  the  paper  here  referred  to)  which  I  shall  be 
glad  to  give  to  any  one  aotnallj  engaged  in  the  redaotion  of  H.  and 
L.W,  observations. 


n.  "  On  some  new  Reptiles  from  the  Elgin  Sandstone."     By 
E.  T.  Newton,  P.G.S.     Commnoicated  by  Sir  Archibald 
GKCKffi,  F.R.S.    Received  November  28,  1892. 
(Abstract.) 

Dnring  the  htst  few  years  a  namber  of  Reptilian  remains  have  been 
obtained  from  the  Elgin  Sandstone  at  Cattle's  Hillock,  near  filgin, 
which  are  now  in  the  possession  of  the  Elgin  Moaenm  and  of  the  Oeologi- 
cal  Snrvey.  These  specimens  represent  at  least  eight  distinct  skeletons, 
seven  of  which  nndonhtedly  belong  to  the  Dicynodontia,  and  one  is  a 
singnlar  horned  Reptile,  new  to  science.  All  the  remains  yet  fonnd 
in  this  quarry  are  in  the  condition  of  hollow  monlds,  the  bones  them- 
selvea  having  entirely  disappeared.  In  order,  therefore,  to  render  the 
specimens  available  for  stndy,  it  was  necessary,  in  the  first  place,  so  to 
display  and  preserve  these  cavities  that  casts  might  be  taken  whioh 
wonld  reprodace  the  form  of  the  original  bones.  Gntta-percha  was 
fonnd  to  be  the  moat  snitable  material  for  taking  these  impressions ; 
and  in  some  instances,  especially  in  the  case  of  the  sknlla,  the  casts 
had  to  be  made  in  several  parts  and  afterwards  joined  together. 

The  first  specimen  described  is  named  Oordonia  TraqaaWi ;  it  is  the 
one  noticed  by  Dr.  Traqnair  in  1885,  and  reSened  to  the  Bicyn- 
odontia ;  besides  the  sknll,  it  includes  iragmentary  portions  of  other 
purts  of  the  skeleton,  and  is  contained  in  a  block  of  sandstone  which 
has  been  split  open  so  as  to  divide  the  skull  almost  vertically  and 
longitudinally.  The  two  halves  have  been  so  developed  that  casts  made 
from  them  exhibit  the  left  side  and  upper  snrface,  as  well  as  the  main 
parts  of  the  palate  and  lower  jaw.  In  general  appearance  this  skull 
resembles  those  of  Dicynodon  and  Oudenodon.  The  nasal  openings  are 
doable  and  directed  laterally  ;  the  orbits  are  large  and  look  somewhat 
forwards  and  npwards.  The  supra-temporal  fossa  is  large,  and 
booaded  above  by  the  prominent  parieto- squamosal  crest,  and  below 
by  the  wide  snpra-temporal  bar,  which  extends  downwards  posteriorly 
to  form  the  long  pedicle  for  the  articnlation  of  the  lower  jaw.  There 
is  no  lower  temporal  bar.  The  maxilla  is  directed  downwards  and 
forwards  to  end  in  a  small  task.  Seen  from  above,  the  skull  is 
narrow  in  the  inter-orbital  and  nasal  regions,  but  wide  posteriorlif 
across   the  temporal    bare,  althongh  Hie  brain-case  itocii  \a  ^«t^ 
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narrow.  There  is  a  large  pineal  fossa  in  the  middle  of  a  spindle- 
shaped  area,  which  area  is  formed  hj  a  pair  of  parietals  posteriorlj 
and  a  single  intercalary  bone  anteriorly. 

The  palate  is  continnons  with  ihe  base  of  the  sknll ;  the  pterygoids 
on  each  side  send  off  a  distinct  process  to  the  quadrate  region. 
Towards  the  front  the  median  part  of  the  anited  pterygoids  arches 
upwards,  and  the  outer  sides  descend,  forming  a  deep  groove; 
from  the  evidence  of  other  specimens  it  is  clear  that  the  palatines, 
extending  inwards,  converted  this  groove  into  a- tube,  and  thus  formed 
the  posterior  nares.  The  ramus  of  the  lower  jaw  is  deep,  with  a 
large  lateral  vacuity,  and  the  two  rami  are  completely  united  at  the 
symphysis.  The  back  of  this  skull  is  not  seen,  but  two  other  spe- 
cimens, referable  to  this  same  genus,  show  that  the  occiput  had  two 
post-temporal  fosssd  on  each  side. 

This  specimen  is  distinguished  from  Bicynodon  by  the  presence  of 
two  post-temporal  fosses  on  each  side  of  the  occiput,  by  the  small  size 
of  the  maxillary  tusk ;  and  probably  by  the  elongated  spindle-shaped 
area  enclosing  the  pineal. fossa,  and  also  by  the  slight  ossification  of 
the  vertebral  centra. 

A  second  and  much  smaller  specimen,  provisionally  referred  to  (?. 
Traquairi^  has,  besides  the  skull,  a  fore-limb  well  preserved.  The 
humerus  of  this  shows  the  usual  Anomodont  expansion  of  its  extremi- 
ties ;  its  large  deltoid  crest  is  angular,  and  set  obliquely  to  the  distal 
end. 

Three  other  species  are  referred  to  the  same  genus,  namely : — 
Oordonia  Huxleyana,  which  is  distinguished  from  0,  Traquairt  by- 
its  proportionately  wider  and  more  depressed  skull,  and  by  the  absence 
of  the  concavity  between  the  orbits  which  is  present  in  the  latter 
species.  The  humerus  has  the  distal  extremity  oblique  to  the  deltoid 
crest,  which  was  probably  rounded  and  not  angular. 

0.  Duffiana  has  the  skull  even  wider  than  in  O.  Huxley  ana,  and  the 
portion  of  a  humerus  found  with  this  skeleton  has  the  two  extremi- 
ties set  nearly  at  right  angles  to  each  other. 

0,  Juddiana  has  an  elongated  skull  resembling  that  of  G.  Traquairt^ 
but  the  parietal  crests  are  less  developed,  the  bones  of  the  nasal 
region  are  much  thickened  and  overlap  the  nasal  apertures,  the  small 
tusk  is  placed  a  little  further  back  and  points  more  directly  down- 
wards, and  the  pineal  fossa  is  smaller  than  in  either  of  the  other 
species. 

A  second  generic  form  is  named  OeiJda  Elginensis.  This  is  a  skull 
nearly  allied  to  FtychognathuSj  Owen,  but  is  distinguished  by  its 
shorter  muzzle  and  the  entire  absence  of  teeth ;  the  upper  part  of  the 
skull,  between  the  orbits,  is  also  peculiar,  forming  a  deep  valley  open 
anteriorly,  with  a  ridge  on  each  side,  the  anterior  end  of  which  forms 
a  larfife  prominence  above  and  la  front  of  the  orbit.    The  occiput  has 
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only  one  (the  lower)  post-temporal  fossa  open  on  each  side.  Tha 
maxilla  is  produced  into  a  tooth-like  prominence,  which  oocapSes  a 
similar  pontion  to  the  tnslu  of  Qor^oma  ;  bat  the  bone  is  too  thin  to 
have  snppoited  a  tooth,  and  in  all  probability  it  waa  covered  by  a 
homy  beak.  The  lower  jaw  faaa  a  strong  symphysis,  a  distinct  lateral 
vacoity,  and  the  oral  margin,  at  the  front  of  each  ramns,  bears  a 
ragoBB  prominence. 

Elginia  mirabilit  is  the  name  proposed  for  the  skoll  of  a  Reptile, 
which,  on  account  of  the  extreme  development  of  horns  and  spines, 
reminds  one  of  the  living  Lizards  MoloeK  and  PhrynoioTna.  The  ex- 
terior of  this  skall  is  covered  in  by  bony  plates,  the  only  apertures 
being  the  pair  of  nostrils,  the  orbits,  and  the  pineal  fossa.  The 
surfaces  of  the  bones  are  deeply  pitted,  as  in  Crocodiles  and  Laby- 
rinthodonte.  The  homs  and  spines,  which  vary  from  i  in.  to  nearly 
3  in.  in  length,  are  found  npon  nearly  every  bone  of  the  exterior. 
The  development  of  the  epiotics  and  the  arrangement  of  the  external 
bones  resemble  more  the  Labjrinthodont  than  the  Reptilian  type  of 
structure,  while  the  palate,  on  the  other  hand,  conforms  more  nearly 
to  the  Lacertilian  type,  and,  with  the  exception  that  the  pterygoids  are 
united  in  front  of  the  pterygoid  vacnity,  t^;rees  with  the  palate  of 
Iguana  and  Sphenodon.  There  are  four  longitudinal  ridges  along  the 
palate,  some  of  which  seem  to  have  carried  teeth.  The  oral  margin 
was  anned  with  a  plenrodont  dentition,  there  being  on  each  side 
aboot  twelve  teeth  with  spatnlate  orowns,  laterally  compressed  and 
serrated.  With  the  exception  of  the  smaller  nnmber  of  the  teeth,  we 
have  here,  on  a  lai^  scale,  a  repetition  of  the  dentition  of  Iguana. 
This  peculiar  skull  seems  to  show  affinities  with  both  lAbyrinthodonts 
and  Lacertilians,  and  is  unlike  any  living  or  fossil  form ;  its  nearest, 
though  distant,  ally  apparently  being  the  Pareiaeaurui  from  the  Karoo 
Beds  of  South  Africa. 


III.  "  The  Electromotive  Properties  of  the  Skin  of  the  Common 
Eel."  By  E.  Waymouth  Ebid,  Professor  of  Physiology  in 
University  College,  Dundee.  Communicated  by  Professor 
M.  Foster,  Sec.R.S.    Received  November  19, 1892. 

(Abstract.) 

1.  The  assumption  that  the  E.M.F.  of  the  current  of  rest  of  the 
skin  of  the  Fish  is  entirely  due  to  mncin-metamorphosis,  and  that  it  is 
uot  possible  to  attribute  it  to  the  presence  of  glandular  elements  is 
negatived,  in  the  case  of  the  Eel,  by  the  absence  of  any  snch  mucinous 
change  in  the  superficial  epidermic  cells  and  by  the  presence  of  abund- 
ance of  secretory  cells  thronghoot  the  structure. 

1Vi% 
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.  2.  The  existence  of  considerable  differences  of  potential  between 
two  contacts  upon  the  outer  surface  of  the  skin,  and  the  fact  that 
snch  E.M.F.  is  capable  of  excitatory  augmentation  upon  mecbanioal 
stimulation,  coincides  with  the  assumption  that  the  E.M.F.  of  tbe 
current  of  rest  is  the  outcome  of  glandular  processes  of  variable 
activity  and  is  not  compatible  with  the  theory  of  origin  of  the  E.M.F* 
in  mucin-metamorphosis. 

.  3.  The  redactions  in  the  E.M.F.  of  the  normal  rest  current  follow- 
ing exposure  of  the  skin  to  carbonic  acid  gas  and  to  the  vapour  of 
chloroform,  and  the  subsequent  recovery  upon  admission  of  air,  are 
strong  evidence  that  the  origin  of  the  E.M.F.  is  in  some  active  vital 
processes  taking  place  in  the  skin,  and  it  is  reasonable  to  assume  that 
these  occur  in  its  secretory  elements. 

.  4.  The  demonstration  that  the  E.M.F.  of  the  skin  of  the  Eel  under- 
goes an  excitatory  variation  as  a  result  of  electrical,  thermic,  and 
mechanical  stimulation,  is  in  accordance  with  what  is  known  to  occur 
in  other  glandular  structures,  and  the  fact  that  such  excitatory  change 
manifests  itself  as  a  positive  variation  of  the  current  of  rest  agrees  in 
the  main  with  the  phenomena  observed  in  other  cases. 

5.  The  fact  that  chloroform  narcosis  excludes  the  possibility  of  the 
excitatory  variation  upon  stimulation,  at  the  same  time  as  it  reduces 
the  E.M.F.  of  the  normal  rest  current  to  zero,  supports  the  assump- 
tion that  the  E.M.F.  of  the  current  of  rest  and  that  of  the  current  of 
action  originate  in  one  and  the  same  source. 

.  6.  Finally,  the  redaction  of  the  E.M.F.  of  the  normally  directed  cur- 
rent of  rest  by  atropinisation  and  the  complete  absence  of  any  excita- 
tory variation  under  such  conditions,  are  facts  strongly  in  favour  of 
the  hypothesis  that  both  the  E.M.F.  of  the  current  of  rest  and  that  of 
the  current  of  action  are  from  a  glandular  source. 


IV.  **  Preliminary  Note  on  the  Relation  of  the  Ungual  Corium  to 
the  Periosteum  of  the  Ungual  Phalanx."  By  F.  A.  DiXEY, 
M.A.,  M.D.,  Fellow  of  Wadham  College,  Oxford.  Commu- 
nicated by  E.  A.  SCHAFER,  F.R.S.  Received  November  22, 
1892. 

The  corium  underlying  the  epithelium  of  the  developing  nail  in  the 
human  embryo  is  at  an  early  age  distinguishable  from  the  cutis  vera 
of  the  remainder  of  the  digit  by  its  greater  thickness  and  density. 
Opposite  the  groove  across  the  dorsal  sarface  of  the  digit,  which  re- 
presents the  anterior  border  of  the  growing  nail,  the  thick  firm  con- 
nective tissue  layer  constituting  the  ungual  corium  does  not  thin  out 
or  pass  into  the  general  corium;  but,  still  preserving  its  original 
thickness,  it  sinks  deeply  into  the  substance  of  the  digit,  and  travers- 
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ing  the  loose  subcntaneooa  tiBsne  in  the  form  of  a  nell-defined  cnrvod 
band,  witb  the  convexity  generally  directed  forwards,  it  reaches  and 
becomes  continuous  with  the  periosteum  sorrounding  the  distal  ex- 
tremity of  the  nngoal  phalanx.  These  two  etmctsreA,  viz.,  the  nngnal 
coriam  and  the  periostenm  of  the  ungual  phalanx,  which  are  histo^ 
logically  very  similar  to  one  another,  and  distinct  from  the  connective 
tissue  forming  the  bulk  of  the  terminal  segment  of  the  digit,  are  thus 
placed  in  complete  continuity  by  means  of  the  curved  baud  of  dense 
oonnectiTe  tissue  above  described. 


V.  "  Experiments  on  the  Action  of  Light  on  BacilluB  anthraeit" 
By  H.  Marshall  Ward,  F.R.S.,  Professor  of  Botany,  Royal 
Indian  Engineering  College.     Received  December  15,  1S92. 

It  is  abundantly  evinced  by  experim.eut8  that  direct  insolation 
in  some  way  leads  to  the  destruction  of  spores  of  Bacilltu  aniKracit, 
and  in  so  far  the  results  merely  confirm  what  had  already  been  dis- 
covered by  Downes  and  Blunt  in  1877  and  1S78  * 

From  the  fact  that  an  apparent  retardation  of  the  development  of 
the  colonies  on  plates  exposed  to  light  was  observed  several  times 
under  circumstances  which  suggested  a  direct  inhibitory  action  of  even 
ordinary  day-light,  the  anthorwent  further  into  this  particular  question 
with  results  as  startling  as  they  are  important,  for  if  the  explanation 
given  of  the  phenomena  observed  in  the  following  experiments  turns 
ont  to  be  the  correct  one,  we  stand  face  to  face  with  the  fact  that  by 
far  the  most  potent  factor  in  the  purification  of  the  air  and  riveis  of 
bacteria  is  the  sun-light.  The  fact  that  direct  enn-ligbt  is  efficacioos 
as  a  bactericide  has  been  long  suspected,  but  put  forward  very  vaguely 
in  most  cases. 

Starting  from  the  observation  that  a  test-tube,  or  small  flask,  con- 
taining a  few  c.c.  of  Thames  water  with  many  hundreds  of  thousands 
of  anthrax  spores  in  it  may  be  entirely  rid  of  living  spores  by  con- 
tinned  exposure  daily  for  a  few  days  to  the  light  of  the  sun,  and  tiiat 
even  a  few  weeks  of  bright  sunmer  day-light — not  direct  insolation 
— reduces  the  number  of  spores  capable  of  development  on  gelatine, 
it  seemed  worth  while  to  try  the  effect  of  direct  insolation  on  plutd- 
caltnres,  to  see  if  the  results  could  be  got  more  quickly  and 
de  finitely -t 

Preliminary  trials  with  gelatine  plate-cultures  at  the  end  of  the 

•  See  p.  287  of  "  First  Report  to  the  Water  Eerearcb  Committee  of  the  Bojal 
Society  "  ('  Roy.  3oc,  Prof.,'  vol.  61,  1892J  for  the  liUrature  on  thia  lubject  up  ro 
1881. 

t  It  sppean  tliiit  Buchuer  ('  Centr.  f.  Bait.,'  rd.  12, 1B92)  hu  aliCBdj  &Du«  \lu& 
ftu-  tjpboid,  and  Snds  the  dittet  nj»  of  the  (nmtner  nm  quite  eSectire. 
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BTuniner  soon  showed  that  precantions  of  several  kinds  were  necessary. 
The  direct  exposnre  of  an  ordinary  plate-cnltnre  to  the  full  light  of  even 
a  September  or  October  sun,  especially  in  the  afternoon,  usually  leads 
at  once  to  the  mnning  and  liquefaction  of  the  gelatine,  and  although 
the  exposed  plates  eventually  showed  fewer  anthrax  colonies  than 
similar  plates  not  exposed,  the  matter  was  too  complicated  to  give 
satisfactory  results.  Obviously  one  objection  was  that  the  spores 
might  Lave  begun  to  germinate,  and  the  young  colonies  killed  by  the 
high  temperatures. 

Experiments  made  in  October  with  gelatine  plates  wrapped  in 
black  paper,  in  which  a  figure — a  square,  cross,  or  letter — was  cut, 
also  led  to  results  too  indefinite  for  satisfaction,  although  it  was  clear 
in  some  cases  that  if  the  plates  lay  quite  flat,  the  illuminated  area 
was  on  the  whole  clear  of  colonies,  while  that  part  of  the  plate 
covered  by  the  paper  was  full  of  colonies. 

But  another  source  of  vexation  arose.  After  the  plates  had  been 
exposed  to  the  sunlight  for,  say,  six  hours,  it  was  necessary  to  put 
them  in  the  incubator  (20 — 22°  C.  was  the  temperature  used)  for 
two  days  or  so,  to  develop  the  colonies,  and  in  many  cases  it  was 
observed  that  by  the  time  the  colonies  were  sufficiently  far  advanced 
to  show  up  clearly,  liquefaction  had  extended  so  far  as  to  render  the 
figure  blurred  and  doubtful. 

Stencil  plates  of  zinc  were  employed  with,  at  first,  equally  nn- 
certain  results.  The  stencil  plate  was  fixed  to  the  bottom  of  the  plate 
culture,  outside,  and  every  other  part  covered  with  blackened  paper : 
the  plate  was  then  placed  on  a  level  surface,  the  stencil-covered  face 
upward,  and  exposed  to  the  direct  sunlight.  As  before,  the  gelatine 
softened  and  in  many  cases  ran,  and  the  results  were  uncertain, 
though  not  altogether  discouraging. 

In  November  it  was  found  that  more  definite  results  could  be 
obtained,  and  the  problem  was  at  last  solved. 

Meanwhile  it  had  already  been  found  possible  to  obtain  sun  prints 
in  the  following  way  with  agar  plates.  Ordinary  agar  was  heated 
and  allowed  to  cool  to  between  60'  and  60**  C,  and  was  then  richly  in- 
fected with  anthrax  spores,  and  made  into  plates  as  usual.  Such 
plates  were  then  covered  with  a  stencil  plate  on  the  lower  face — the 
stencil  plate  being  therefore  separated  from  the  infected  agar  only 
by  the  glass  of  the  plate — and  wrapped  elsewhere  closely  in  dull 
black  paper,  so  that,  on  exposure  to  the  sun,  only  the  cut-out  figure 
or  letter  allowed  the  solar  rays  to  reach  the  agar. 

Such  plates  were  then  exposed  to  the  direct  rays  of  the  October 
sun  for  from  two  to  six  hours ;  or  they  were  placed  on  the  ring  of  a 
retort-stand,  stencil  downwards,  and  the  sun-light  reflected  upwards 
from  a  plane  mirror  Y)e\ow, 

After  the  insolation,  ttiea©  ^\aVft^^«t^  \Ti^\s^«.\j^Vst  \>.\,V»».\.\sst?u5. 
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eight  hoQFB  at  20*  C,  and  on  removiDg  the  Trrappers  the  colonies  of 
antbrax  were  fonnd  deoself  coTering  all  parts  of  the  plate  except  the 
area — a  letter  or  cross,  Ac.^-exposed  to  the  san-light.  There,  how- 
ever, the  spores  were  killed,  and  the  agar  remained  perfectly  clear, 
showing  the  Gorm  of  a  sharp  transparent  letter,  cross,  &c.,  in  a  gronnd- 
work  rendered  cloady  and  opaqne  bj  the  innnmerable  colonies  of 
anthrax. 

ExperimentB  proved  that  this  was  not  due  to  high  temperature,  for 
a  thermometer  with  its  bnlb  next  the  insolated  glass  rarely  rose 
beyond  14°  to  16°  C,  and  never  beyond  18°  C,  and  even  if  the 
thermometer  did  not  record  the  tamperatnre  inaide  the  plate,  this 
can  scarcely  have  be«n  much  higher. 

Ab  long  as  this  l&tter  point  remtuned  nncertain,  however,  the 
experiments  conid  not  be  regarded  as  satisfactory ;  whence  it  waa 
necessaiy  to  again  have  reconrse  to  gelatine  caltores.  The  gelatine 
employed  began  to  run  at  29°  C,  and  in  November  it  was  foand  that 
such  plates  exposed  outside,  either  to  directly  incident  snnshine,  or 
to  directly  refiected  rays,  showed  a  temperature  of  12°  to  13*  C.  at  the 
insolated  glass stir&ce,  and  even  five  to  six  honrs'  exposure  caused  no 
running  of  the  gelatine. 
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The  following  experimeDt  may  be  selectfid  aa  a  type  of  the  rest : — 
A  (fig.  1)  is  the  upright  of  an  ordinaiy  retort-stand ;  on  the  ring  B 
rested  a  gelatioe  plate-caltnre  of  anthrax  apores,  covered  with  black 
paper  everywhere  except  the  cnt-oat  letter  E,  Been  on  its  lower  face. 
C  was  an  ordinary  plane  microscope-mirror,  with  its  arm  fitted  to  a 
Gork  on  A. 

The  whole  -viba  placed  in  the  middle  of  a  field  at  Cooper's  Hill  at 
9,30  A.M.  on  Wednesday,  November  30,  and  exposed  to  the  clear, 
but  low,  Bonshine  which  prevailed  that  day,  the  mirror  being  so 
arranged  (from  time  to  time  as  necessary)  aa  to  reflect  the  light  on 
the  E  the  whole  period,  nntil  3.30  p.m.,  when  the  plate  was  removed 
and  placed  in  the  dark  incnbator  at  20°  C.  On  the  following  Friday 
— I.e.,  after  lees  than  forty-eight  hours'  incubation — the  letter  E  stood 
ont  sharp  and  clearly  transparent  from  the  faint  grey  of  the  rest  of 
the  plate  of  gelatine.  Ifot  a  trace  of  anthrax  conld  be  found  in  the 
clear  area,  even  with  the  microscope,  while  the  grey  and  almost 
opaqne  appearance  of  the  rest  of  the  plate  was  due  to  innnmerable 
colonies  of  that  organism  which  had  developed  In  the  interval. 


It  was    mp  s    b  e  to  n     ba       he  p  a        ng  fear    f     qnefac- 

tion,  whence  the  sceptical  may  reply  that  the  anthrax  exposed  to 
light  was  only  retarded-,  tb«  ex^erimeate  vitli  agar  show  that  sach 
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is  not  the  case,  hoirever,  and  that  if  the  maolAtion  is  complete  the 
spores  Are  rendered  incapabls  of  germinating  at  all,  as  proved  hf 
removing  piecee  of  the  clear  agar  or  gelatine  and  attempting  to 
make  tube  cnltnres  from  them :  in  all  cases  whers  insolation  ia  com- 
plete they  remain  sterile. 

The  ohief  valne  of  these  gelatine  plate  exposures  in  Kovemher, 
however,  is  that  they  prove  conclusively  (1)  that  the  rays  of  a  winler 
sun  are  capable,  even  if  reflected,  of  killing  the  spores,  and  (2)  that 
it  is  really  the  solar  rays  which  do  this  directly,  and  not  any  effect  of 
a  higher  temperatnre,  since  the  gelatine  remains  solid  thronghont. 

Experience  has  shown,  however,  that  some  precantiona  are  neces* 
sary  in  selecting  the  anthrax  cnltnres  employed  for  these  experiments 
with  gelatine.  The  light  certainly  retaids  or  kills  (according  to  its 
intensity  or  the  length  of  exposure)  virulent  spores,  but  if  one  takes 
the  spores,  mixed  with  v^etative  bacilli,  direct  from  a  thoroughly 
liquefied  gelatine  cnlture,  or  from  a  bouillon  cultnre,  the  plates  are 
apt  to  be  liqaefied  too  rapidly  for  the  proper  development  of  the  light 
print,  evidently  because  so  much  of  the  liqaefying  enzyme  is  earned 
in  when  inoculating  the  plates.  The  same  danger  is  run  when  active 
bacilli  alone  are  employed. 

The  best  method  of  avoiding  these  disadvantages  has  been  found 
to  be  the  following,  and  it  has  the  additional  merit  of  enabling  us  to 
prove,  beyond  all  doubt,  that  the  ripe  spores  of  Baeilltts  anthracis  are 
really  inhibited  or  killed  by  snnl^ht. 

A  few  c.c.  of  sterile  distilled  water  in  a  tube  are  thoroughly 
saturated  with  the  anthrax  spores  taken  from  an  old  culture  which 
has  never  been  exposed  to  light,  and  the  tube  placed  for  twenty-fonr 
hours  at  56°  C. ;  this  kills  all  immature  spores,  bacilli,  and  enzymes, 
and  leaves  us  with  a  crop  of  the  most  resistant  and  fully  matured 
virulent  spores. 

Experiments  with  such  spores  have  been  made  to  determine  the 
relative  power  of  the  different  rays  of  the  spectrum  to  destroy  the 
anthrax. 

It  is  necessary  to  note  first,  however,  that  in  experimenting  with 
the  electric  light,  although  but  few  expoeures  have  been  made  as  yet, 
it  is  evident  that  its  effects  are  feebler  than  those  of  the  winter  sun. 

At  present  it  has  only  been  possible  to  observe  that  the  inhibiting 
effects  are  stronger  at  the  blue  end  of  the  spectrum  than  at  the  red, 
and  exposures  to  sunlight  passing  through  coloured  glasses  confirm 
this  result ;  but  the  observations  are  being  continued  in  the  hope  of 
getting  a  perfectly  sharp  record  of  the  effects  of  each  set  of  rays. 

The  following  series  of  experiments  are  quoted  in  detail,  because 
they  teach  several  details  of  importance,  in  addition  to  proving  the 
main  fact. 

On  December  7  tiave  gehtiae  plates  and  five  agar  ^Aotes'weTe 
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prepared  with  spores  from  a  very  vigorous  and  virulent  agar  tube  of 
anthrax.  The  spores,  which  were  qnite  mature,  were  not  subjected 
to  heat,  but  simply  shaken  in  sterile  water  to  wash  and  separate  them 
thoroughly. 

The  three  gelatine  plates  were  made  at  35°  C,  the  agar  plates  at 
60**  C,  neither  of  which  temperatures  could  injure  the  ripe  spores. 

The  three  gelatine  plates  were  labelled  pi,  p 2,  and  p 3,  and  the 
agar  plates  p  4  to  p  8  in  order. 

Immediately  after  making  the  plates,  all  were  exposed  to  the 
December  sun,  except  plates  /d  4,  p  5,  and  p  6,  and  this  was  done  as 
follows : — In  each  case  the  plate  had  a  stencil  plate  with  a  cut-out 
letter  on  its  lower  face,  and  arranged  as  described  above  (p.  396). 

p  1,  a  gelatine  plate  with  a  large  letter  M,  was  exposed,  &<;e  down, 
to  the  light  reflected  from  a  mirror  (see  fig.  1)  for  three  hours  on 
December  7,  and  for  four  hours  on  December  8,  the  interval  being 
passed  in  a  cold  room  {t  about  8 — ^9**  C),  and  then  incubated  at  20^ 
in  the  dark. 

p8  was  treated  in  exactly  the  same  manner.    But  this  was  an* 
agar  plate  with  a  large  W. 

p  2,  a  gelatine  plate  with  a  large  H,  was  exposed  and  heated  in  the 
same  way,  except  that  no  mirror  was  used,  the  latter  being  upwards 
towards  the  sun. 

jp  3,  a  gelatine  plate  with  a  la/rge  B,  was  similarly  exposed,  face  up, 
but  a  plane  mirror  arranged  to  reflect  light  down  upon  it. 

p  7,  an  agar  plate  with  a  large  E,  was  treated  exactly  as  the  last. 

There  now  remain  the  three  agar  plates,  p4>,  p5,  and  p6,  to 
account  for. 

p  4  was  placed  forthwith  in  the  dark  incubator  at  20''  G. 

p  5  and  p  6  were  kept  for  eighteen  hours  in  a  drawer,  the  average 
temperature  of  which  is  almost  16°  C,  and  were  not  exposed  till  next 
day  (December  8),  when  they  lay  for  five  hours,  face  upwards,  and 
with  a  mirror  above  them,  p  5  had  a  small  E,  and  p  6  a  broad  but 
small  I,  to  let  the  light  in. 

After  exposure,  these  also  were  put  in  the  same  incubator  with  the 
others. 

Nothing  was  visible  to  the  unaided  eye  on  these  plates  (except  p  4) 
until  the  11th  instant,  though  the  microscope  showed  that  germinar- 
tion  was  proceeding  on  the  10th.  The  plate  |?4,  however,  had  a 
distinct  veil  of  colonies  all  over  it  on  the  9th,  and  this  had  developed 
to  a  dense  typical  growth  by  the  11th. 

On  December  11,  at  10  a.m.,  the  state  of  affairs,  as  regards  the 
exposed  plates,  was  as  follows  : — 

p  5  and  p  6  showed  each  a  sharp  transparent  letter — E  and  I 
respectively— oi  clear  agar  in  a  dull  grey  matrix  of  strong  anthrax 
'Colonies,  which  covered  «XV  tiie  uilcx^^^  ^\w^.^  ^\  >i>aRk  ^^\ft. 
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p  1,  p  2,  and  p  3  showed  in  each  case  a  perfectly  clear  central  patcli, 
abont  1^  inches  diameter,  with  anthrax  colonies  in  the  gelatine 
aronnd.  These  anthrax  colonies  were  the  larger  and  more  vigorwu  the 
vwre  dUtant  they  were  from  the  clear  centre.  In  other  words,  the 
anthrax  spores  had  b^im  to  germinate,  and  the  colonies  were 
growing  more  vigoronsly,  in  centripetal  order. 

Gap?  and  p  8  germination  was  beginning,  bnt  the  colonies  were  as 
jet  too  f  onng  to  enable  one  to  judge  of  the  resnlts. 

The  first  point  of  interest  is  to  acconnt  for  the  prononnced  resnlts 
in  the  plates  p  5  and  p  6,  and  the  want  of  sharp  ontlines  inpl,  p2, 
andp3,  and  the  explanation  seems  to  be  that,  owing  to  the  plates  5 
and  6  having  laid  over  night  at  16°  C,  the  spores  began  slowly  to 
germinate  ont,  and  were  coneequently  in  their  most  tender  condition  when 
exposed  to  the  snntight  next  day. 

The  peculiar  centripetal  order  of  development  of  the  colonies  on 
plates  pi,  p2,  and  p  3  gave  riae  to  the  following  attempt  at  explana- 
tion. After  observii^  that  the  clear  space  in  the  middle  was  not  dne 
to  the  centre  of  the  plate  being  raised,  and  the  infected  gelatine 
having  mu  down  to  the  periphery — a  possible  event  with  some  batches 
of  Petrie's  dishes — it  was  surmised  that  the  large  letters  employed 
might  give  the  cine. 

This  was  found  to  be  the  case.  The  solar  rays  on  entering  the 
plate  were  largely  reflected  from  the  glass  lid  of  the  plates,  and  so 
produced  feebler  insolation  effects  on  parte  of  the  plate  aronnd  the 
letter :  these  effecte  were  naturally  feebler  and  feebler  towai-ds  the 
margin,  and  so  the  inhibitory  action  became  less  pronounced  at  dis- 
tances further  and  further  removed  from  the  centre.  Those  spores, 
therefore,  which  were  nearest  the  periphery  germinated  out  first, 
and  those  nearer  the  centre  were  retarded  more  and  more  in  propor- 
tion to  their  proximity  to  the  insolated  letter. 

That  this  is  the  correct  interpretation  of  the  facte  follows  clearly 
from  the  further  behaviour  of  the  above  plates. 

At  10  P.M.  on  the  11th — i.e.,  twelve  hours  after  the  morning  ex- 
amination— the  plates  pi,  p2,  and  p3  exhibited  tbeir  respective 
letters  M,  H,  and  B  quite  clearly,  in  the  grey  matrix  of  anthrax 
which  had  rapidly  developed  in  the  interval,  and  excepting  a  slight 
want  of  sharpness  in  the  H  of  p  2,  the  results  could  hardly  have  been 
more  satisfactory. 

In  p  7  and  p8  the  very  faint  ontlines  of  the  letters  were  also 
showing. 

On  the  12th,  at  8.30  A.K.,  the  gelatine  plates  had  begun  to  run,  and 
although  the  M  of  p  1  was  still  intact,  and  very  well  marked,  p  2  had 
liquefied  completely,  so  that  the  H  was  a  clear  pateh  with  blurred 
ontlines  in  the  cenbv.  jc  3  still  showed  the  oatUaea  of  t\ioQ,^)'aA>  Vb 
waa  impoaaible  to  keep  it  longer. 
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The  main  point  was  definitely  established,  however,  and  the  treat- 
ment of  the  plates  proves  coDclnsively  that  the  spores  are  not  killed 
by  high  or  low  temperatures,  hut  by  the  direct  solar  rays. 

These  experiments  are  being  continned  in  order  to  answer  some 
other  questions  in  this  connexion. 

The  gelatine  and  agar  after  such  exposures  as  have  been  described 
are  still  capable  of  supporting  a  growth  of  B,  anthracis  if  fresh  spores 
are  sown  on  them,  whence  the  effects  described  are  not  merely  due  to 
the  sub-strata  being  spoilt  as  food  material. 

The  Society  adjourned  over  the  Christmas  Eecesa  to  Thursday, 
January  19,  1893. 
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"Od  the  Method  of  Examination  of  Photographic  Lenses  at 
the  Kew  Obaer^-atory."  By  Leonard  Darwin,  Major,  late 
Royal  Engineers.  Communicated  by  Captain  Abnet,  C.B.» 
F.R.S.    Received  April  13,— Read  June  2,  1892. 

The  Kew  Committee  of  the  Boyal  Society  decided,  abont  a  year 
ago,  to  undertake  the  examination  of  photographic  lenses,  thus 
adding  one  more  to  the  already  namerons  list  of  testa  and  certificates 
issned  by  the  Kew  ObBerratory.  Captain  Abney  was  the  member  of 
the  Committee  who  originated  the  idea,  and  he  was  requested  to 
organise  the  system  in  detail.  This  ho  nndertoolc  to  do,  but  nnfor- 
tnnately  it  proved  that  official  dnties  and  his  work  in  connexion  with 
colour  vision,  &c.,  made  it  impossible  for  him  to  give  the  necessary  time 
to  the  enqairy.  In  consequence  of  this,  I  was  asked  by  the  Eew  Com- 
mittee, with  the  full  acquiescence  of  Captain  Abney,  to  give  my 
assistance  in  the  matter,  whioh  I  gladly  consented  to  do ;  'eventually 
the  arrangements  devolved  almost  entirely  upon  myself,  acting  in  co- 
operation with  Mr.  Whipple,  the  Superintendent  of  the  Observatory, 
and  aided  by  consultations  with  Captain  Abney;  but  I  should  add 
that  as  to  the  arguments  and  discussion  in  this  paper  I  alone  am 
responsible.  A  very  considerable  amount  of  time  and  eaerfiy  was 
expended  by  Mr.  Whipple  and  myself  before  the  final  recommenda- 
tions could  be  made,  but  now,  since  the  whole  of  the  proposals  have 
received  the  provisional  approval  of  the  Kew  Committee,  it  is  open  to 
anyone  to  get  a  photographic  lens  examined  at  Kew  on  payment  of  a 
small  fee. 

It  is  important  first  to  state  clearly  the  general  idea  which  the 
Kew  Committee  had  in  view  when  they  undertook  this  new  work, 
for,  if  the  methods  adopted  are  judged  from  any  other  standpoint, 
they  will,  no  doubt,  be  found  open  to  criticism.  The  object  of  the 
Committee  was  to  organise  a  system  by  which  any  one  could  obtain, 
on  payment,  an  impartial  and  authoritative  statement  of  the  quality 
of  a  lens  to  be  used  for  ordinoiy  photographic  purposes,  and  that  the 
fee,  which  had  to  cover  the  cost  of  the  examination,  should  be 
moderate.  This  latter  consideration  acted  as  a  serious  restriction, 
and  it  was  consequently  necessary  that  all  the  tests  should  give 
results  of  undoubted  practical  value  to  the  practical  photographer; 
the  certificate  of  examination  must  be  recorded  in  the  way  most 
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generally  useful,  and  in  language  which  could  not  fail  to  be  under- 
stood. A  complete  scientific  investigation  of  a  lens  from  every  point 
of  view  would  occupy  so  long  a  time  as  to  make  the  necessary  fee 
quit-e  prohibitive,  and,  moreover,  the  results  would  contain  much  infor- 
mation  which  would  be  quite  useless  to  the  ordinary  user  of  the  lens. 
There  are  undoubted  advantages  in  testing  a  lens  by  the  examina- 
tion of  negatives  made  by  it,  but  it  may  be  here  stated,  once  for  all, 
that  the  question  of  expense  rendered  it  impossible,  for  the  present, 
to  adopt  any  photographic  method ;  eye  observations  alone  have  to  be 
relied  on. 

The  form  of  entry  is  made  to  state  for  what  special  purposes  the 
lens  is  intended,  whether  for  portrait  work,  for  landscape  views, 
or  for  copying  plans,  &c.  Every  lens  for  photographic  purposes  is 
more  or  less  of  a  compromise.  Great  rapidity,  great  perfection  in 
definition,  and  power  of  covering  very  wide  angles  are  incompatible 
qualities,  and  one  or  other  of  them  must  be  sacrificed.  It  is  therefore 
evidently  unfair  to  expect  different  types  of  lenses  to  give  equally 
good  results  under  the  same  test ;  for  if  we  select  a  lens  excelling 
greatly  in  one  of  these  qualifications,  we  must  deliberately  abandon 
the  expectation  of  its  attaining  the  highest  standards  in  the  others. 
For  example,  in  a  portrait  lens  great  rapidity  is  required,  but,  on  the 
other  hand,  a  less  high  standard  of  definition  near  the  edges  of  the 
plate  can  be  tolerated  than  with  a  landscape  lens.  No  opinion  could 
possibly  be  expressed  at  Kew  as  to  the  wisdom  of  demanding  extra 
perfection  or  powers  in  any  respect,  and  it  is  therefore  necessary  that 
the  lenses  should  be,  to  a  certain  extent,  classified  by  the  parties 
sending  them  in  for  examination. 

The  smaller  the  aperture  of  a  lens,  the  larger  will  be  the  field  of 
sharp  definition  covered  by  it,  and  a  complete  study  of  a  lens  would 
tell  us  the  size  of  the  plate  which  is  properly  covered  when  each  of 
the  different  stops  is  used.     Considering  the  restrictions  necessarily 
imposed  on  the  work,  such  a  lengthy  examination  could  not  possibly 
be  thought  of.     Hence,  when  discussing  the  programme  of  tests  to 
be  applied  at  Kew,  it  was  soon  evident  that  the  time  devoted  to  the 
examination  of  each  lens  had  to  be  limited  by  making  the  person 
entering  it  state  either  the  number  of  the  lai*gest  stop  by  which  it 
should  be  judged,  or  the  size  of  the  plate  for  which  it  would  be  used ; 
on  the  first  supposition  the  Kew  certificate  would  have  given  the 
size  of  the  plate  which  the  lens  covered  satisfactonly  with  the  named 
stop  ;  and,  on  the  second  supposition,  it  would  have  indicated  the 
size  of  the  largest  stop  that  could  be  used  to  give  results  up  to  a 
certain  standard,  or  the  rapidity  of  the  lens  in  normal  cases  when 
used  for  the  plate  of   the   named  size.      The  latter  of  these  two 
alternatives  has  been  adopted,  because  it  is  considered  that  the  owner 
or  intending  purchaser  o£  t\\e  lens  will^  in  most  cases,  have  already 
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decided  on  the  sue  of  the  plate  lie  intenda  to  use,  and  that  what  he 
wants  to  know  is  whether  it  is  suitable  for  that  plate  or  not.  When 
farther  information  is  desired,  the  lens  maj  be  entered  for  examina- 
tion for  two  or  more  sizes  of  plates. 

The  following  is  an  example  of  the  Certificate  of  Examination,  the 
port  in  italics  represeating  the  result  of  the  testing  of  the  lens. 
Reference  is  made  to  the  pages  where  a  detailed  diecnssion  on  each 
test  can  be  fonad ; — 

ExW  OMKBTATOBT,  ItlOHlIOHI),  SraRB7. 
Ceitificnte  of  Etamiiuitdon  of  a  Fhotogrsphic  Leiu. 

1.  HumbM  on  lena,  A!76.    Registered  number,  95. 

2.  Beaoription,  landtcapt  letu.  Diameter,  IS  inche*. 

3.  Maker's  name,  A.  B. 

4.  Size  of  plate  for  Trhich  the  leiu  is  to  be  examined,  6'B  inchea  by  S^B  inchee. 
G.  Number  of  refleL>tiiig  surfaoee,  i  (eee  p.  4O0) . 

6.  Cenleriog  in  mount,  good  (see  p.  409). 

7.  Vieible  defects — such  as  itrio,  reiiu,  feathers,  &c.,  M  (see  p.  409). 

8.  Flare  spot,  nil  (see  p.  409). 

fl.  EffectiTe  aperture  of  stops  (see  p.  412) — 


Number 

engniTedon 

stop. 

aperture. 
iDches. 

y/number. 

CI.  No.» 

No.  ?-5 
Mo.  iO 
N0./5 

No.  85 
No.  50 

Ko. 

No 

1-32 
1-19 
0-97 
0-75 
0-49 

fia-6 

Ijl-SS 
111  -IS 
1-SS 
S-S6 
S-3 

10.  Angle  of  cone  of  illumination  with  largest  stop  —  6^,  giiing  a  circular  Image 

on  the  plate  off  ISS  inches  diameter. 
Angle  of  cone  oulside  whieh  the  aperture  begins  to  be  eclipsed,  with  stop  C.I. 
No.  Ijl'SS,  >-  IO',  giving  a  circular  image  on  the  plate  of  j^'O  inches  dia- 

Diagonal  of  the  plate  —  1&7  inches,  requiring  a  field  of  61°. 
Stop  C.I.  No.  53  is  the  largest  stop  of  which  the  whole  opening  can  be  seen 
from  the  whole  of  the  plate  (see  p.  414). 

11.  Principal  focal  length,!  "  H'^S  inches.     Back  focus,  or  length  from  the  prin- 

cipal focus  to  the  nearest  point  on  the  surface  of  the  lenses,  ■=  10-i  inches 
(see  p.  418). 

12.  Ourmture  of  the  field,  or  of  the  principal  focal  surface.    After  focussing  f  the 

plate  at  its  centre,  movement  necessary  to  bring  it  info  focus  for  an  image  IS 
inches  from  its  centre  =  O'OS  inoh. 

•  C.I. — International  Congress  System.     [See  p.  413;  an  explanatory  note  will 
accompany  certificate,] 

t  The  lens  is  focussed  on  a  rery  distant  object, 

VOL.  LII.  ^  1L 
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• 

Ditto  for  an  object  S  inches  from  it<a  centre  —  0*04  inch. 

4'5  „  «t>i(?      „ 

„  5  „  =  0-15      „      (see  p.  426). 

13.  Definition  at  the  centre  with  the  largest  stop,  excellent,    O.I.  stop  No.  I'SS 

gires  ffood  definition  oyer  the  whole  of  a  6'5  inch  bj  8'S  inch  plate  (see  p.  429). 

14.  Distortion.    Deflection  or  sag  in  the  image  of  a  straight  line  which,  if  there 

were  no  distortion,  would  ran  from  corner  to  comer  along  the  longest  side  of 
a  6*6  inch  bj  8'6  inch  plate  »  -i-O'Ol  inch*  (see  p.  436). 

15.  Achromatism.    After  focussingf  in  the  centre  of  the  field  in  white  light,  the 

movement  necessary  to  bring  the  plate  into  focus  in  blue  light  (dominant 
wave-length,  4420),  —  +0'04  inoh.^  Ditto  in  red  light  (dominant  wave- 
length, 6250)  -  "O-OI  inchf  (see  p.  440). 

16.  A8tigmati8m.§    Approximate  diameter  of  disc  of  diffusionf  in  the  imago  of  a 

point,  with  C.I.  stop  No. at inches  from  the  centre  of  the  plate 

=  0* inch  (see  p.  443). 

17.  Illumination  of  the  field.  The  figures  indicate  the  relative  intensity  at  different 

parts  of  the  plate.f 

With  C.I.  stop  No.  Ijl'SS.  With  stop  No.  5'3. 

Atthecentre 100  :  Ditto  100 

At  3  inches  from  the  centre    67  :  Ditto  • 8S 

AXo'35                 „                    28  :  Ditto  66 

General  Hemarlcs. — An  excellent  medium  angle  rapid  objectivCf  practically  free  from 
distortion. 

Date  of  issue. 

TT.  HUGO,  Observer. 

G.  M,  WHIPPLE,  Superintendent. 


*  The  sag  or  sagitta  here  given  is  considered  positive  if  the  curve  is  convex 
towards  the  centre  of  the  plate. 

t  The  lens  is  focussed  on  a  very  distant  object. 

X  Positive  if  movement  towards  the  lens,  negative  if  away  from  it. 

§  The  lens  is  supposed  to  be  perfect  in  other  respects. 

Note. — The  following  is  the  scale  of  terms  used  :  excellent,  good,  fair,  indifferent, 
bad. 

In  considering  and  in  recording  the  resnlts  of  examinations,  it 
has  been  fonnd  convenient  to  give  more  exact  meanings  to  certain 
expressions  than  have  as  yet  been  assigned  to  them.  The  following* 
definitions  have  therefore  been  adopted  at  Kew : — 

A  narrow  angle  lens  means  one  covering  effectively  not  more  than  35°. 

A  medium  angle  lens  means  one  covering  between  35**  and  55°. 

A  toide  angle  lens  means  one  covering  between  55°  and  75°. 

An  extra  wide  angle  lens  means  one  covering  more  than  75''. 

With  regard  to  the  wording  of  the  **  General  Remarks  "  in  the 
certificate,  it  should  be  remembered  that  the  lens  is  judged  entirely 
with  reference  to  a  plate  of  named  size ;  the  lens  is  therefore  classed 
as  above  by  the  angle  of  field  which  is  given  as  the  last  item  but  one 
in  test  No.  10.  If  the  same  lens  is  examined  for  plates  of  different 
aizes,  the  certificate  would  be  worded  differently  in  each  case. 
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The  G.I.  No.  of  a  »top  means  the  number  'which  indicates  the 
intensity  of  illnmination  produced  b;  it  on  the  plate  according  to 
the  system  proposed  at  the  International  Photographic  Congress  of 
1889  (see  p.  413). 

The  largett  norvuU  stop  means  the  largest  atop  that  can  be  need 
with  the  lens  so  as  to  produce  definition  ap  to  a  selected  standard  of 
excellence  all  over  a  plate  of  givea  size,  the  objects  whose  images  are 
seen  being  all  equally  distant. 

A  slow  lene  meauB  one  of  which  the  largest  normal  stop  has  a  less 
diameter  than  has  C.I.  No.  6. 

A  moderately  rapid  lens  is  one  of  which  the  largest  normal  stop  is 
C.I.  No.  6,  or  latter  than  that  size  and  less  than  C.I.  No.  2. 

A  rapid  lens  is  one  of  which  tlie  largest  normal  stop  is  C.I.  No.  2, 
or  larger  than  that  size  and  less  than  C.I.  No,  2/3. 

An  extra  rapid  lens  is  one  of  which  the  largest  normal  stop  is  C.I. 
No.  2/3,  or  larger  than  that  size. 

For  convenience  of  reference,  these  definitions  will  in  future  ac- 
company the  certificate,  probably  in  the  form  of  additional  notes. 

No  doubt  most  lenses  are  supplied  with  stops  larger  than  the  ones 
here  called  the  largest  normal  stops,  even  if  it  is  not  intended  to  use 
Kmaller  platos  than  those  under  consideration  ;  this  ia,  of  course,  very 
right,  for  in  many  oases  the  photographer  will  be  willing  to  sacrifice 
the  definition  near  the  edge  of  the  plate  for  the  sake  of  incressed 
rapidity. 

It  now  remains  to  be  shown  in  what  way  the  above  certificate  of 
examination  would  be  usefal  to  the  practical  photographer,  who  has 
sent  his  lens  to  Kew  for  the  purpose  of  being  tested.  It  may,  we 
think,  be  assumed  that  he  wants  answen  to  the  three  following 
questions : — Ist.  Is  the  lens  a  good  one  ¥  2ndly.  Does  it  properly 
clover  the  plate  of  the  named  size  ?  And  Srdly.  What  exposure 
must  be  given  when  using  the  different  stops  ? 

With  regard  to  the  two  first  questions,  the  result  of  the  examina- 
tion is  recorded  in  such  a  way  that  he  may  either  rely  on  the 
"  General  Bemarks,"  or  he  may  form  an  independent  judgment  from 
the  results  of  the  tests. 

In  order  to  decide  himself,  from  the  records  in  the  certificate, 
whether  the  lens  is  generally  speaking  a  good  one,  he  should  first 
look  to  test  No.  13  to  see  if  the  definition  in  the  centre  of  the  plate 
with  the  largest  stop,  is  "  excellent,"  as  should  always  bo  the  case ; 
ho  should  then  consider  test  No.  15,  by  which  he  will  see  what  are 
the  faults  introduced  by  the  lens  not  being  properly  corrected  for 
(chromatic  aberration.  With  regard  to  the  second  question,  that  is 
to  say,  when  considering  whether  the  plate  be  intends  to  use  is 
properly  covered  or  not,  he  should  chiefiy  look  to  the  results  recorded 
under  test  No.  13,  where  is  given  the  size  of  stop  or  tb«  ia^\&iV.^  oV 
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the  lens  for  a  given  standard  of  definition  up  to  the  edge  of  the  plate ; 
if  the  definition  at  the  centre  is  "  excellent,*'  then  any  want  of  defini- 
tion at  the  margin  will  be  chiefly  due  to  curvature  of  the  focal  surface, 
or  to  astigmatism,  and  therefore  the  results  of  tests  Nos.  12  and  16 
should  be  considered  at  the  same  time  as  test  No.  13.  He  must  also 
look  carefully  to  the  result  of  test  No.  14,  which  shows  the  maximum 
distortion  produced  in  the  image;  it  will  depend  for  what  class 
of  work  the  lens  is  to  be  used  whether  he  should  consider  the 
amount  of  curvature  in  the  image  of  a  straight  line  near  the  edge  of 
the  plate,  which  will  be  there  indicated,  is  objectionable  or  not. 

The  *'  G«nei*al  Remarks "  are  recorded  as  the  result  of  exactly 
similar  considerations  to  those  discussed  above,  the  experience  gained 
by  the  examination  of  lenses  of  undoubted  quality  giving  an  idea  of 
what  standard  of  excellence  should  be  required. 

With  regard  to  the  third  question,  as  to  the  exposure  to  be  given 
with  the  different  stops,  it  may  be  hoped  before  long  that  the  C.I. 
numbering  will  be  generally  adopted  by  all  practical  photographers, 
in  which  case  the  results  of  test  No.  9  will  give  the  information 
required. 

In  many  works  on  photography  the  view  is  expressed  that  the 
practical  photographer  also  wishes  to  know  from  what  point  on  his 
leDS  he  should  measure  or  adjust  the  distance  of  any  object  so  that 
by  reference  to  tables,  he  can  obtain  definite  enlargements  or  reduc- 
tions ;  this  is,  in  fact,  urging  that  the  position  of  the  principal  planes 
should  be  marked  on  the  mounting  of  all  lenses.  According  to  our 
experience  this  is  a  want  in  i*eality  very  seldom  felt  in  practice. 
The  tables  are,  no  doubt,  sometimes  used  to  get  approximate  results, 
the  fine  adjustment  of  scale  being  afterwards  done  by  measurements 
on  the  ground  glass ;  but  if  the  slot  between  the  two  lenses  of  a 
doublet  is  used  as  the  point  from  which  the  measurements  of  distance 
are  made,  the  results  will  be  quite  near  enough  to  the  truth  to  serve 
as  a  first  adjustment,  and  for  this  purpose  nothing  will  be  gained  by 
marking  the  exact  position  of  the  principal  planes ;  it  should, 
however,  be  stated  that  the  omission  to  mark  them  is  merely  made  in 
consequence  of  the  necessity  felt  of  minimising  in  every  possible 
direction  the  time  spent  in  the  examination. 

Each  test  to  which  the  lens  is  subjected  will  now  be  described  in 
detail,  together  with  such  discussion  as  to  the  reasoil  for  its  adoption 
as  may  appear  necessary. 

The  first  four  headings  of  the  certificate  deal  with  the  numbering 
of  the  lens,  the  maker's  name,  the  size  of  plate  for  which  the  lens  is 
to  be  examined,  Ac. ;  and,  as  these  do  not  form  part  of  the  results  of 
the  examination,  no  remarks  are  necessary  with  regard  to  them. 
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5.  Number  of  Reflecting  Surfaces. 

In  most  caees  the  uamber  of  reflecting  snrfacee  of  glass  ib  known 
at  once  from  the  type  of  lens,  bnt,  if  in  donbt,  a  simple  experiment 
will  settle  the  point ;  the  room  is  dai'lcened,  and  the  reflection  of  a 
lamp  is  observed  in  the  lenses ;  each  of  the  surfaces  of  the  lenses 
will  give  one  direct  reflected  image,  and  the  nnmber  can  thns  easily 
be  coanted.  The  amount  of  light  which  reaches  the  photographic 
plat«  decreases  with  an  increased  nnmber  of  lenses,  because  of  this 
reflection,  and  this  circumstance  shonld  not  be  forgotten  in  estimating 
the  snitability  of  a  lens  for  any  special  parpose.  Surfaces  merely 
separated  by  Canada  balsam  reflect  little  light,  and  need  not  be  con- 
sidered from  this  point  of  view. 

6.  Centering  in  Sfuunt. 

Two  different  errors  might  be  described  nnder  this  heading  :  either 
(1)  the  optical  axis  of  a  perfect  lens  may  not  coinoide  with  the  axis 
of  the  moonting,  or  (2)  the  axes  of  the  different  lenses  of  a  donblet 
or  triplet  may  not  all  be  in  the  same  straight  line.  As  to  the  first  of 
these  errors,  we  believe  it  would  never  be  sufficient  to  have  any 
appreciable  effect  on  the  practical  value  of  a  lens,  and  therefore  no 
test  for  it  is  considered  necesssj-y.  With  regard  to  the  second  error, 
Wollaston's  test  is  the  only  one  applied ;  this  consists  of  looking  at 
the  flame  of  a  lamp  or  candle  through  a  compoand  lens,  and  noting  if 
all  the  different  images  of  the  light  as  seen  by  successive  reflections 
from  the  surfaces  of  the  glass  can  be  brought  into  line  by  a  suitable 
movement  of  the  whole  lens,  which  shonld  be  the  case  if  the  com- 
ponent lenses  are  arranged  about  a  common  axis. 

It  may  be  remarked  that  the  nodal  points  may  be  shifted  away  trom 
the  niecbanical  axis  of  the  lens  in  consequence  of  either  of  the  above- 
mentioned  errors,  and  also,  on  the  other  band,  that  the  second  error 
may  exist — that  the  axes  of  the  component  lenses  of  a  doublet  may 
not  be  coincident — and  yet  one  or  both  of  the  nodal  points  may 
conceivably  be  found  on  the  mechanical  axis  of  the  monnting ;  it 
follows,  therefore,  that  to  estimate  the  distance  between  the  nodal 
points  and  the  mechanical  axis,  which  has  been  suggested  as  a  means 
of  detecting  any  want  of  centering,  does  not  answer  that  purpose  very 
well. 

7.  Visible  Defects,  such  as  Strite,  Veim,  Featheri,  ^c. 

Under  this  heading  any  faults  detected  by  a  careful  inspection  are 
given. 

8.  Flare  Spot. 

The  defect  known  aefiare  spot  consists  of  a  bright  spot  or  patch  of 
light  being  formed  in  the  centre  of  the  field.     To  detect  it,  t\iB\e'na\?i 
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placed  in  an  ordinary  camera,  which  should  be  pointed  at  the  sky ; 
if  the  ground  glass  is  brought  to  the  principal  focus,  the  flare  spot 
is  then  readily  visible. 

For  tests  Nos.  9  to  16  an  apparatus  designed  by  myself,  and  which 
1  have  called  the  '*  testing  camera,"  is  used.  It  is  neither  an  ex- 
pensive nor  an  elaborate  contrivance,  and  there  can  be  no  doubt  that 
if  more  money  had  been  expended  a  more  perfect  machine  could  have 
been  made.  Until  a  system  of  this  sort  has  been  in  regular  use  for 
some  time,  and  until  it  has  stood  the  fire  of  criticism,  experience  shows, 
we  think,  that  the  apparatus  employed  is  apt  to  be  little  more  than  a 
good  working  model  of  what  it  will  become  by  future  developments ; 
but  improvements  would  in  this  instance  probably  tend  to  increased 
itipidity  rather  than  to  increased  accuracy,  for  the  results  obtained 
are  now  quite  accurate  enough  for  all  practical  purposes.  Even  now 
alterations  are  under  consideration,  such  as  the  substitution  of  a 
sliding  eye-piece  on  a  graduated  bar  for  the  long  sheet  of  ground 
glass.  For  the  above-mentioned  reasons,  and  because  much  expen- 
diture could  not  be  justified  until  it  was  certain  that  lenses  would 
be  sent  for  examination  in  considerable  numbers,  the  Kew  Committee 
raised  no  objection  to  the  somewhat  make-shift  appearance  of  the 
apparatus. 

The  general  idea  of  the  testing  camera  is  extremely  simple,  but  the 
name  perhaps  is  hardly  a  happy  one,  as  there  is  no  *'  camera  **  or 
chamber  about  it.  Except  for  the  absence  of  bellows,  it  may  be  said 
to  consist  of  the  essentials  of  an  ordinary  camera,  which  is  capable  of 
being  revolved  horizontally  about  a  vertical  axis  passing  through  the 
lens ;  though  it  must  be  confessed  that  this  description  gives  no  idea 
of  its  appearance.  The  three-legged  stool  or  bench,  seen  in  fig.  1, 
represents  the  legs  of  the  camera,  and  fig.  2  shows  the  apparatus 
that  takes  the  place  of  the  body  ;  G  is  the  lens-holder,  and  LM  the 
ground  glass,  both  of  which  are  capable  of  independent  movement 
backwards  and  forwards  on  the  hollow  wooden  beam  DE,  called  the 
"  swinging  beam."  There  is  a  conical  brass  cap  or  pivot,  not  shown 
in  the  sketch,  under  the  upper  plank  of  the  swinging  beam,  under- 
neath where  the  lens-holder  G  is  shown  in  the  sketch.  The  whole 
of  the  apparatus  shown  in  fig.  2  is  placed  on  the  top  of  the 
throe-legged  stool,  the  round-headed  iron  pin  A  passing  loosely 
through  a  hole  in  the  lower  plank  of  the  swinging  beam,  and  fitting 
into  the  conical  bitws  cap  or  pivot.  The  swinging  beam,  being 
thus  supported  by  the  pin  A  and  by  the  long  arm  BC  of  the  stool,  is 
capable  of  being  revolved  round  A  as  a  centre.  On  the  gi-ound  glass 
is  engraved  a  horizontal  line,  >vhich  is  accurately  divided  into  fiftieths 
of  an  inch ;  this  line  passes  through  the  centre  of  the  ground  glass 
(or  through  the  point  where  the  perpendicular  from  the  lens-holder 
cuts  the  glass),  and  is  also  parallel  to  BC,  the  top  of  the  stool  on 
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which  the  awinging  beam  elides,  when  the  camera  is  in  position  ;  thus 
the  image  of  an  object  wilt  appear  to  ran  along  the  Kcu^Va  %&  ^iV«  v«rmj|,- 
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ing  bar  is  moved  from  side  to  side.  The  ground  glass  can  be  brongbt 
approximately  into  focus  by  means  of  the  already-mentioned  move- 
ment to  and  fro  on  the  swinging  beam,  but  for  accurate  adjustment  a 
Blow  motion  arrangement  is  attached  to  the  movable  part  itself  ; 
the  handle  H  gives  the  required  motion,  and  there  is  a  scale  S,  called 
the  ''  focus  scale,"  by  means  of  whicb  these  small  movements  can  be 
accurately  measured.  On  the  lens-holder  there  is  a  movement,  corre- 
sponding to  the  swingback  of  an  ordinary  camera,  by  which  the  lens 
can  be  made  to  revolve  vertically  round  a  horizontal  axis,  without,  of 
course,  any  corresponding  movement  of  the  ground  glass ;  there  is  a 
vertical  arc,  Y,  by  means  of  which  we  can  read  off  the  vertical  angles 
through  which  the  lens  is  rotated.  An  arrangement  is  also  suppled 
by  means  of  which  the  lens  can  be  moved  backwards  and  forwards  wi 
the  movable  stand,  thus  allowing  the  position  of  the  lens  to  be  so 
adjusted  that  the  horizontal  axis  can  be  made  to  pass  through  any 
point  in  its  axis. 

9.  Effective  Aperture  of  Stops, 


Number 

engraved  on 

stop. 

EfFectire 

aperture. 

Inches, 

//number. 

C.I.  No. 

No 

No 

No 

No 

No 

No 

No 

1     

1     . 

1 



! 

1 
1 

,     a 

The  effective  aperture  of  one  or  more  of  the  various  stops  supplied 
with  the  lens  is  found  by  a  well-known  method.  The  image  of  a. 
very  distant  object  is  first  brought  into  focus  on  the  ground  glass 
of  the  testing  camera;  a  collimator,  which  has  itself  been  pre- 
viously focussed  on  a  distant  object,  may  be  used  instead  of  the 
distant  object ;  the  ground  glass  is  then  taken  out  and  exactly  re- 
placed by  a  tin  plate  with  a  small  hole  at  the  centre;  this  hole, 
which  should  be  very  small,  will,  therefore,  be  at  the  principal 
focus  of  the  lens.  The  room  being  darkened,  a  gas  burner  is 
placed  behind  the  small  hole,  and  thus  parallel  rays,  in  the  form 
of  a  cylinder,  are  made  to  issue  from  the  lens  towards  the  front. 
A  piece  of  ground  glass,  with  a  graduated  scale  engraved  on  it,  is 
now  held  in  front  of  the  lens,  and  the  diameter  of  the  illuminated 
disc,  or  section  of  the  cylinder  as  seen  on  the  glass,  is  directly 
measured  off  as  any  iitop  is  inserted  in  its  place.     Thus  is  found  tho 
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eSective  aperture  of  tlie  largest  stop,  as  recorded  in  the  Kew  Certi- 
ficate of  Examination.  The  ratio  of  the  effective  aperture  to  the 
diameter  is  the  same  for  all  stops  of  the  same  lens,  and  the  effective 
apertnre  of  the  other  slops  is  either  meaanred  as  above,  or  calcnlated 
from  the  ratio  thus  fonnd.  As  the  rays  are  parallel  when  emerging 
f  i-om  the  lens,  It  is  evident  that,  if  the  stop  is  in  front  of  all  the  lenses, 
the  effective  aperture  will  be  the  same  as  the  diameter  of  the  stop 
itoelf. 

By  imagining  the  path  of  the  rays  in  the  above  experiment  aa 
being  reversed,  in  which  case  the  rays  forming  the  cylinder  are  all 
bronght  to  a  focns  on  the  plate,  it  is  evident  that  the  intensity  of 
illumination  of  the  plate  at  the  centre,  when  focnssed  for  distant 
objects,  varies  directly  as  the  sectional  area  of  the  cylinder,  and 
therefore  as  the  square  of  the  effective  apertnre  as  above  measured. 
The  intensity  of  illnmination  of  the  [date  also  varies  inversely  as  the 
square  of  the  distance  from  the  point  in  the  lens  from  which  all  the 
light  may  be  supposed  to  emanate,  that  is,  from  the  nodal  point  of 
emei^jence.  If  we  adopt  as  our  definition  of  the  principal  focal 
length.  (/)  of  the  lens  the  length  between  the  principal  focns  and 
the  nodal  point  of  emergence,  it  is  then  evident  that  the  square  of  the 
effective  apertnre  divided  by/*  will  be  a  measure  of  the  illumination 
of  the  plate.  In  consequence  of  this  fact,  it  has  for  a  long  time  been 
customary  to  speak  of  the  diameter  of  stops  in  terms  of  the  ratio  of 
their  effective  apertures  to  the  focal  length  of  the  lens ;  for  example, 
a  lens  having  a  stop  with  an  effective  apertnre  equal  to  one-tenth  of 
its  principal  focal  length  is  commonly  spoken  of  as  working  with  an 
intensity  of // 10.  But  it  has  recently  been  found  by  photographers  that 
it  is  practically  useful  to  adopt  a  definite  standard  or  unit  of  intensity 
of  illnmination  in  order  that  the  different  stops  may  be  numbered  in 
such  a  way  as  to  readily  indicate  the  different  exposures  required 
with  each ;  many  syetems  of  this  kind  have  been  considered  :  //lOO, 
fllOffji,  and//yiO,  each  having  been  at  various  times  proposed  as 
the  basis  of  ennmeration,  the  numbering  of  the  stops  sometimes 
increasing  and  sometimes  diminishing  aa  the  necessaiy  exposure 
increases.  Each  of  these  systems  has  met  with  considerable  oppo- 
sition from  different  quarters;  but  this  is  not  the  place  to  discuss 
their  relative  merits,  more  especially  aa  in  selecting  one  of  them  for 
the  Kew  certificates,  we  have  been  chiefly  influenced  by  considering 
which  has  received  the  sanction  of  the  most  authoritative  body,  and 
which,  therefore,  stands  the  best  chance  of  universal  adoption.  Judged 
by  this  standard,  there  can  be  no  doubt  that  the  recomendations  of 
the  International  Photographic  Congress  of  Paris  of  1889,  as  endorsed 
by  the  Congress  at  Bmssele,  should  be  adhered  to  as  far  aa  possible. 

The  following  system,  which  we  have  called  the  C.T.  system,  has 
thei-efore  been  adopted  at  Kew.     The  Btop//10,  the  effective  aperture 
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of  which  is  one-tenth  of  the  principal  focal  length  of  the  lens,  is 
called  stop  No.  1 ;  and  the  exposure  necessary  for  any  subject 
with  that  stop  is  the  unit  of  exposure  for  that  subject.  The 
other  stops  are  numbei*ed  in  the  inverse  ratio  of  the  area  of  their 
effective  apertures  to  the  area  of  the  effective  aperture  of  stop 
No.  1.  Thus  stop  No.  2  gives  half  the  intensity  of  illumination  of 
stop  No.  1 ;  and,  in  any  case,  to  find  the  time  of  exposure  necessary 
to  produce  the  same  result  as  with  the  unit  of  exposure  with  stop 
No.  1,  we  multiply  that  unit  by  the  number  of  the  stop  in  use. 
The  practical  rule  to  find  the  C.I.  number  of  a  stop  is  to  divide 
the  square  of  the  principal  focal  length  by  100  times  the  square  of 
the  diameter  of  the  effective  aperture  of  the  stop.  The  principal 
focal  length,  which  we  require  to  know  in  order  to  calculate  the 
numbering  of  the  stops,  is  found  by  test  No.  11. 

The  difficulty  of  introducing  the  C.I.  numbering  of  stops  will 
perhaps  be  greater  in  England  than  on  the  Continent,  partly  because, 
previous  to  the  Paris  Congress,  the  Photographic  Society  of  Great 
Britain  had  given  provisional  support  to  another  system  based  on  //4 
as  a  unit.  The  Photographic  Society  has  been  waiting  for  the 
recently  published  reports  of  the  Brussels  Congress  to  reconsider 
this  matter,  and  it  may  be  hoped  that  they  will  join  in  the  effort  to 
get  the  C.I.  system  universally  adopted,  notwithstanding  the  incon- 
venience that  must  be  severely  felt  at  first  by  those  who  are  there- 
fore obliged  to  change  their  methods. 


10.  Angle  of  Gone  of  Illumination  with  Largest  Stop  ^= ,  giving 

a  Circular  Image  on  the  Plate  of inches  diameter.      Angle 

of  Cone  outside  which  the  Aperture  begins  to  he  Eclipsed  with 

Stop  C.L  No.  = **,  giving  a  Circle  on  tJie  Plate  of 

inches  diameter. 

Diagonal  of  Plate  = inches,  requiring  a  Field  of °  (=  20). 

Stop  C,L  No, is  the  Largest  Stop  the  whole  of  the  Opening 

in  which  can  he  seen  from  the  whole  of  the  Plate. 

If  a  stop,  or  thin  metal  diaphragm  with  a  circular  aperture,  ia 
revolved  round  any  axis  passing  through  its  plane,  and  if  it  is 
regarded  from  a  little  distance,  the  whole  aperture,  foreshortened  of 
course,  can  be  seen  except  in  one  position  in  eaoh  half  revolution  ;  if 
in  a  similar  way  a  piece  of  tubing  is  revolved  about  an  axis  at 
right  angles  to  its  own  axis,  there  is  only  one  position  in  which 
the  whole  of  the  aperture  can  be  seen,  and  any  movement  from 
this  one  position  will  cause  the  opening  to  begin  to  be  eclipsed, 
thus  giving  it  a  lozenge-shaped  appearance ;  as  the  movement  goes 
on,  this  opening  will  get  smaller  and  smaller  till  it  is  quite  obli- 
terated.     In  looking   ttiTOUg\L  ^^  \«ia  «ja  \^  \&  tc^qV;^^  ^JoioraA*  an 
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axis  perpendicular  to  its  own  axis,  it  will  bo  Been  that,  as  a  rale, 
aometbing  between  these  two  extremea  oooars ;  commencing  from 
a  position  when  we  are  looking  directly  along  the  axis,  no  other 
resnlt  than  foreshortening  the  opening  ia  at  first  produced  by  the 
revolntion  of  the  lens;  then  oomea  an  angle  at  which  the  aperture 
in  the  stop  be^ns  to  be  eolipsed,  either  by  the  mounting  of  the 
lenses,  or  by  fixed  diaphiagTOB,  &e. ;  lastly,  we  come  to  an  angle 
at  which  the  lozenge-shaped  opening  appears  to  vanish,  and  no  light 
is  seen  to  come  from  the  lens.  It  is  obvious  that  the  intensity  of 
illumination  of  different  parte  of  the  photographic  plate  varies  with 
the  size  of  the  aperture  visible  from  each  point ;  and,  neglecting  other 
considerations  for  the  pr-esent,  there  is  thus  an  inner  cone,  forming  a 
disc  where  it  cuts  the  plate,  in  which  the  illumination  decreases 
regularly  from  the  centre  outwards  according  to  a  known  law ;  and 
there  is  an  outer  cone,  forming  an  annnlus  between  where  it  and  the 
inner  cono  cut  the  plate,  in  which  the  illumination  decreases  more 
rapidly  than  according  to  the  above-mentioned  law ;  very  rapidly, 
therefore,  probably  irregularly,  on  account  of  the  aperture  of  the 
stop  being  successively  eclipsed  by  di£ereat  ports  of  the  mounting, 
and  certunly  according  to  no  law  that  can  be  readily  stated  or  ascer- 
tained. The  test  now  under  consideration  gives  the  angles  of  these 
two  cones. 

The  outer  cone,  which  we  hare  called  the  "cone-  of  illumination," 
gives  the  extreme  angle  of  the  field  of  the  lens  without  r^ard  to 
definition,  and  is  what  is  known  to  French  authors  as  the  champ  de 
vitibilite.  To  find  the  angle  of  the  cone  of  illnmiiiation,  the  lens  is 
placed  in  the  testing  camera,  and  the  observer  looks  through  the 
small  hole  in  a  sheet  of  tin  plate  with  which  the  ground  glass  has  been 
replaced,  as  in  the  last  test;  the  lens-holder  is  made  to  revolve  about 
its  horizontal  axis,  and  as  the  axis  of  the  lens  moves  away  from  zero, 
first  in  one  direction  and  then  in  the  other,  the  positions  at  which  all 
light  appears  to  be  cut  oif  are  noted ;  the  angle  between  these  two 
positions  as  read  on  the  vertical  arc,  V,  gives  the  angle  of  the  cone 
of  illumination. 

In  order  to  ensure  correct  results  it  is  necessary  that  the  axis  of 
rotation  should  pass  through  the  nodal  point  of  emergence.  If  in  fig.  H 
ANiNio  and  BNiNifr  represent  the  eiti^eme  rays  forming  the  cone,  N( 
and  N[  being  the  nodal  points,  it  is  erident  that  in  order  to  measure 
the  angle  6Nitt  of  the  cone  the  lens  muat  be  revolved  about  Ni,  the 
nodal  point  of  emergence,  as  a  centre.  The  necessary  adjustment  is 
made  in  the  following  manner  :— The  image  of  a  distant  object  having 
been  thrown  on  the  ground  glass,  the  lens  is  turned  through  a  small 
iiugle  about  the  horizontal  axis,  the  glass  remaining  stationary.  If 
the  movement  of  the  Ions  gives  rise  to  any  movement  in  the  image, 
then  the  axis  does  not  pass  tbroagb  the  nodal  point  oS  emergence 
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and  an  adjuBtment  is  necessary ;  this  is  done  bj  moving'  the  lens- 
holder  in  or  out,  thns  making  the  axis  of  rotation  pass  throngh  difFerent 
parte  of  the  axis  of  the  lens,  until  the  image  ceases  to  show  any 
movement ;  aad  this  can  only  be  the  case  when  the  axis  of  rotation 
does  pass  throngh  the  nodal  point  of  emergence.  As  finr  as  the  above 
considerations  are  concerned,  it  is  immaterial  how  far  oEE  the  small  hole 
in  the  tin  plate  is  from  the  lens,  bat  if  the  horiasntal  axis  has  not  been 
made  to  pass  accnrately  throngh  the  nodal  point  of  emergence,  this  Traot 
of  adjnstmentwill  have  mnch  the  same  eSectas  a  small  vertical  move- 
ment  between  the  two  readings  of  the  vertical  arc.  It  is  evident  fchat 
the  angular  error  thos  produced  will  diminish  ae  the  distance  of  the 
point  of  observation  increases;  moreover,  any  distortion  at  the  edge 
of  the  plate  will  make  the  above  theoreticsl  considerations  no  longer 
strictly  applicable,  and  will  have  the  same  effect  as  the  axis  of  rota- 
tion not  accurately  passing  through  the  nodal  point.  In  order,  there- 
fore, to  minimise  these  sources  of  error,  the  tin  plate  with  the  hole  in 
it  is  removed  as  far  as  practicable  from  the  lens  before  the  observa- 
tion is  made. 

The  angle  of  the  inner  cone,  that  is,  of  the  cone  outside  which  the 
opening  of  the  stop  is  partially  eclipsed  by  the  mounting  of  the  lens, 
&c.,  is  measured  in  the  same  way  as  above  described  for  the  outer 
cone,  and  with  the  same  precautions.  When  looking  through  the 
small  hole,  the  positions  on  each  side  of  zero  at  which  the  apertore 
begins  to  be  shnt  off,  and  beyond  which  it  no  longer  appears  as  a  per- 
fect ellipse,  arc  easily  seen,  and  the  angle  between  these  two  positions 
as  measured  on  tbe  veHical  arc  gives  tbe  angle  required.  The  angles 
of  tbese  two  cones  are  generally  given  when  the  observation  is  made 
with  the  lat^est  stop  supplied  with  the  lens. 

The  results  of  these  measurements  should  be  considered  in  connex- 
ion with  test  No.  17,  nnder  which  heading  the  general  question  of 
the  illumination  of  the  field  will  be  discussed.  In  order  to  facilitate 
the  consideratioD  of  the  coveriug  power  of  the  lens,  the  diameters  t£ 
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the  circles  which  these  cones  make  by  catting  the  photographic  plate, 
when  the  focus  is  adjusted  for  distant  objects,  are  given  in  Uie  Certifi- 
cate of  Ezamiiiation.  Having  found  the  principal  focal  length  in  the 
manner  to  be  described  immediately,  the  size  of  these  circles  can 
readily  be  ascertained  by  a  simple  graphical  method,  which  is  hardly 
worth  describing  in  detail. 

In  connexion  with  this  test  it  may  be  convenient  to  adopt  the  ase 
of  the  term  angle  of  fieii  under  exanunalion,  (denoted  in  this  paper  by 
20,)  to  signify  the  angle  sabtended  at  the  nodal  point  of  emergence 
by  a  disf^onal  of  the  plate,  or  the  greatest  angnlar  distance  which 
could  be  included  in  the  photogiaph,  supposing  the  focus  to  be  taken 
on  a  distant  object.  This  angle  is  found  by  the  graphical  method 
mentioned  above  for  determining  the  diameter  of  the  circles  on  the 
plate,  and  the  reanlt  is  entered  on  the  Certificate  of  Examination. 

If  the  illumination  of  the  field  is  not  to  fait  off  rapidly  towards  the 
edges  of  the  plate,  for  the  normal  use  of  the  lens  vre  should  employ 
ii  stop  which  covers  (or  nearly  covers)  the  plate  of  the  given  size 
iv-ith  its  inner  cone ;  that  is  to  say,  we  should  use  a  stop  not  larger 
than  the  largest  stop  the  whole  of  the  opening  in  which  can  be  seen 
from  the  whole  of  the  plate.  In  order  to  find  the  largest  stop  which 
fulfils  the  above  conditions,  the  lens  is  revolved  about  the  horizontal 
axis  until  the  vertical  arc  reads  half  the  angle  of  field  under  exami- 
nation, and  then  the  different  stops  are  put  in  one  by  one  until  the 
largest  one  is  found  which  is  seen  not  to  be  eclipsed  when  the  observ- 
nttOD  is  made  through  the  hole  in  the  tin  plate.  The  number  of  this 
stop  is  recorded  in  the  certificate. 

The  readings  taken  when  measuring  the  angles  of  these  cones  are 
also  utilised  for  the  purpose  of  adjusting  the  position  of  the  lens  in  a 
manner  necessary  to  ensore  accuracy  in  several  of  the  following  tests. 
The  vertical  arc  is  so  arranged  that  it  reads  sero  when  the  axis  of 
the  lens  is  horizontal,  that  is  to  say,  when  the,axis  passes  through  the 
small  hole  in  the  tin  plate  from  which  the  observation  is  made ; 
hence  the  two  readings  on  the  arc  when  the  lens  is  revolved  about 
the*  vertical  axis,  first  one  way  and  then  the  other,  so  as  just  to  cut 
off  all  the  transmitted  light,  should  be  exactly  the  same ;  if  they  are 
not  identical  the  lens-holder  is  placed  in  such  a  position  that  the 
reading  on  the  vertical  arc  is  equal  to  half  the  difference  between 
them ;  then  it  is  evident  that  the  mechanical  axis  of  the  objective' 
passes  through  the  small  hole,  or  at  all  events,  cuts  the  tin  plate  on 
the  same  level  as  the  hole.  Now  this  small  hole  in  the  tin  plate  is 
in  the  same  position  as  the  centre  of  the  engraved  line  when  the 
ground  glass  is  in  position.  Heuce,  this  adjustment  being  made,  in 
future  tests  we  may  consider  that  the  mechauical  axis  of  the  lens  cots 
the  line  on  the  ground  glass  near  its  centre. 
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11.  Frincipalfocal  length  ^ tn». 

Back  foeiti,  or  length  from  the  principal  focus  to  the  nea^eat  pow 
on  the  gur/ace  of  the  lentei  ^ iiM, 

The  following  is  the  method  of  findinf;  the  principal  focal  lengt 
with  the  testing  camera.  Bj  meauR  of  the  mark  0  (see  fig.  1),  on  th 
three-legged  stool,  the  Bwinging  beam  can  be  brought  approxizoateV 
to  a  central  poBition ;  there  are  also  two  iron  stops,  T  and  T*,  remoT 
able  when  not  wanted,  which,  when  in  position,  prevent  the  swingin] 
beam  from  passing  beyond  these  points.  These  stops  (or,  more  aoca 
I'ately,  the  iron  plates  on  the  swinging  beam  with  which  they  oomi 
in  contact)  are  capable  of  adjastment,  and  thna  a  means  is  obtained  o 
allowing  the  beam  to  be  revolved  about  A  as  a  centre,  throagh  i 
known  angle,  with  great  ease  and  accniscy.  After  the  focns  hai 
been  very  carefally  adjusted  for  a  distant  object,  and  after  the  bean 
has  been  bronght  approximately  to  the  central  position  by  means  o! 
the  mark  0  on  the  stool,  the  image  either  of  some  well-defined  objecl 
seen  through  a  hole  in  the  window-shutters,  or  of  a  mark  in  tiii 
collimating  telescope,  is  made  to  appear  on  the  centre  of  the  engTRTOC 
line  on  the  ground  glass  ;  this  can  be  done  by  raising  or  lowering  oai 
or  more  of  the  legs  of  the  stool  or  by  moving  it  laterally ;  thii 
adjastment  being  accurately  made,  the  line  joining  F,  the  centn 
of  the  ground  glass,  and  the  centre  of  the  lens,  if  prolonged 
will  pass  through  the  distant  mark;  when  once  made,  this  adjnat 
ment  will  hold  good,  with  sufficient  accuracy,  for  all  lenses  whicl 
may  subsequently  be  placed  in  the  testing  camera.  Now,  when  thi 
swinging  beam  is  moved  from  side  to  side,  the  im^e  appears  to  roi 
along  the  engraved  line  on  the  ground  glass ;  the  position  of  thi 
image  is  first  noted  when  the  beam  is  in  contact  with  the  stop  T,  anc 
afterwai-ds  when  in  contact  with  the  stop  T' ;  twice  the  distance,  ai 
measured  on  the  scale,  between  these  two  points  gives  the  principa 
focal  length  of  the  lens  nnder  examination. 

In  order  to  ensure  aocnracy,  certain  precautions  must  be  taken 
The  object  must  be  so  far  off  that  the  distance  between  its  focus  anc 
the  focns  of  a  point  in  the  same  direction  at  an  infinite  distance  ii 
considerably  less  than  the  probable  error  of  observation.  The  cbiel 
difficulty  of  finding  the  principal  focal  length,  in  the  Kew  method 
and,  indeed,  in  all  methods,  consists  in  obtaining  an  accurate  adjnst 
ment  for  focus ;  and  since,  for  a  given  error  in  focus,  the  greater  th« 
aperture  the  more  diffusion  there  is  in  the  image,  the  largest  sto[ 
should  always  be  used  when  focussing;  but  there  is  no  objection  tc 
slipping  in  a  smaller  stop  after  the  focus  is  taken  so  as  to  obtain  ai 
Hharp  an  image  as  possible,  and  thus  make  it  easier  to  read  the  posi- 
tion on  the  scale  with  accuracy. 

Before  proving  that  the  result  above  obtained  is,  in  fact,  the  prin. 
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oipal  focal  length  of  the  lena,  it  rae-j  be  as  well  to  give  a  rif^id  defini- 
tioQ  of  what  ie  here  meant  hj  that  expreaaion,  aa  it  has  often  been 
used  in  somewhat  different  significations.  The  definition  here  adopted 
of  the  principal  focal  length  is  the  distance  between  the  principal 
focaa  for  Tional  rajs  (or  the  image  as  seen  b;  the  e;e  of  an  infinitely 
distant  point  on  the  axis  of  the  lens)  and  the  nodal  point  of  emergence. 
The  nee  of  the  term  nodal  point  is,  perhaps,  ojien  to  criticisni;  under 
the  ordinary  circamstances  of  a  photographic  lens  the  nodal  points 
and  the  principal  points  occupy  the  same  positions,  and  therefore 
either  of  these  expressions  m^ht  have  been  naed  in  the  definition ; 
bat  if  we  take  into  consideration  any  imaginary  circnmatances  when 
these  two  points  wonld  not  be  identical,  aa,  for  instance,  if  one  end  of 
the  lens  was  immersed  in  water,  it  will  be  observed  that  the  Kew 
method  of  determining  the  principal  focal  length  wonid  find  the  dis- 
tance between  the  nodal  point  and  the  gro'and  glass,  and  not  that 
from  the  principal  point  ;  moreover,  nnder  these  imaginary  condi- 
tions, it  wonld  be  the  distance  of  the  nodal  point  from  the  plate  which 
*woaId  chiefly  be  of  valae  to  the  aqnatic  photographer,  for  the  in- 
tensity of  illnmination  of  his  plate  would  vary  as  the  sqoAre  of  that 
distance  and  not  of  the  distance  from  the  principal  point.  But  it 
mnst  be  confessed  that  the  term  was,  in  reality,  adopted  because  it  is 
that  best  known  in  the  photographic  world,  and  not  on  account  of 
such  hair-splitting  reasons  as  these. 

It  now  remaina  to  be  seen  if  the  Kew  method  does  give  the  true 
principal  focal  length  accordirrg  to  the  above  definition.     In  fig.  4,  let 
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B,  A,  and  C  be  three  very  distant  points,  A  being  on  the  axis  of  the 
lens,  and  B  and  C  being  at  equal  angolai-  distances  on  either  side  of 
it ;  let  N)  and  B,  be  the  nodal  points ;  let  C,  F,  and  B'  be  the  v     ~ 
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of  these  tbree  points  on  the  groond  glass,  when,  if  the  distance  N3A 
is  great  enough,  F  will  not  be  further  from  the  principal  focus  than 
the  error  of  observation,  and  may,  therefore,  be  confounded  with  it. 
The  angle,  BN2C,  subtended  by  the  points  B  and  C  at  the  lens,  can 
easily  be  measured,  and,  since  the  incident  and  emergent  rays  passing 
through  the  nodal  points  are  parallel  to  each  other,  the  angle  C'NiB' 
is  thus  obtained ;  the  distance,  C'B',  that  is,  the  distance  between  the 
images  of  the  two  outside  points,  can  be  also  measured  on  the  ground 
glass :  C'B'  and  C'NiB'  being  given,  FNi  can  therefore  be  found ;  for 
since,  by  supposition,  the  line  AN2  bisects  the  angle  BNiC,  FNi  is 
equal  to  C'B72  cot  C'N,B72.  This,  therefore,  is  a  method  by  which 
the  principal  focal  length,  as  defined  above,  can  be  measured.  But 
if,  instead  of  having  objects  at  known  angles,  only  one  object  is 
observed,  and  the  camera  is  revolved  round  the  point  Ni,  through 
the  angle  C'NiB'  between  the  observations,  exactly  the  same 
result  can  be  obtained;  this  is  the  method  adopted  at  Kew.  The 
movement  in  parallax  of  the  point  Ni  is  so  small  that  it  may  \)e 
neglected.  The  advantage  of  this  method  is  that  a  collimating  tele- 
scope can  be  used  as  the  object,  and  thus,  during  dull  weather,  the 
work  can  be  carried  on  indoors.  In  working  with  the  testing  camera, 
the  angle  C'NiB'  represents  the  angle  through  which  the  swinging 
beam  is  revolved  about  the  vertical  pivot ;  the  stops  are  arranged  so 
that  C'NiF  =  tan-^  i,  that  is,  so  that  C'B'  =  2  FNi ;  and,  therefore, 
twice  the  distance  C'B'  measured  on  the  groimd  glass  gives  FNi, 
the  principal  focal  length  of  the  lens.  The  Kew  method,  therefore, 
gives  the  result  required. 

It  might  at  first  sight  appear  that  a  considerable  error  would  be 
due  to  the  fact  that  the  adjustment  to  the  central  position  is  merely 
made  by  a  rough  mark,  and  that  it  is  only  the  total  angle  C'NiB' 
(that  is,  the  angle  moved  by  the  swinging  beam  between  the  iron 
stops)  which  is  accurately  known.  It  is  true  that  it  can  only  be 
said  that  C'NiF  is  approximately  equal  to  FNiB';  but  if  C'NiB'  is 
less  than  90',  and  if  the  line  NiF  does  not  differ  in  direction  from  the 
true  central  position  by  more  than  1°,  then  the  principal  focal  length 
obtained  in  this  manner  does  not  differ  from. the  truth,  for  this  reason, 
by  more  than  I/I 7th  per  cent.  As  it  is  considered  that  this  would 
represent  an  extreme  case,  it  is  therefore  evident  that  this  is  a 
negligible  source  of  error. 

In  order  that  the  Kew  method  of  finding  the  principal  focal  length 
should  not  be  open  to  any  criticism  on  theoretical  grounds,  three 
conditions  must  be  fulfilled :  it  is  obvious  that  these  conditions  need 
not  hold  good  further  from  the  axis  of  the  lens  than  the  points  at 
which  the  observations  were  made.  1st.  The  principal  focal  surface, 
or  the  locus  of  the  focus  for  very  distant  objects,  must  be  a  plane. 
2nd.  The  image  must  not  be  distorted.     3rd.  The   nodal   point  of 
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emergenoe  for  riaoal  ra^s  Bhonld  be  the  same  as  the  nodal  point  for 
actinic  rays. 

In  no  lens  are  these  conditions  perfectly  fulfilled,  but  before  dis- 
coBBing  the  nature  of  the  errors  thus  introduced  it  may  be  as  well  to 
oonsider  shortly  for  ivhat  pniposes  and  with  what  degree  of  accuracy 
the  practical  photographer  wants  to  know  the  focal  length  of  his 
lens.  Two  uses  to  which  this  knowledge  would  or  could  be  put  have 
already  been  mentioned,  and  we  know  of  no  others.  In  the  first 
place,  it  has  been  shown  how  the  numbering  of  the  stops  depends  on 
the  focal  length,  and  how  advantageous  is  the  knowledge  of  the 
intensity  of  the  illumination  of  the  plate  which  may  thus  be  gained. 
But  as,  on  account  of  the  difference  in  the  amount  of  reflectiou  and 
aheorption  of  the  lenses,  two  lenses  with  the  same  C.I.  number  of 
stop  may  difi'er  more  than  10  per  cent,  in  the  intensity  of  illamtnation 
in  the  centre  of  the  field,  aa  in  the  same  objective  the  difference  of 
illumination  of  different  parts  of  the  field  is  generally  more  than 
20  per  cent.,  and  as  the  photographer  is  seldom  able  to  estimate  his 
unit  of  exposure  within  this  latter  percentage,  it  can  hardly  be 
eeriouely  contended  that  the  focal  length  must  be  known  with  very 
great  accuracy  for  this  purpose.  The  seooad  object  for  which  the 
photographer  may  require  to  know  the  focal  length  is  for  the  use  of 
the  tables  in  which  the  distance  is  given  at  whidi  the  object  has  to 
be  placed  to  obtain  a  given  enlargement  or  rednotion ;  it  has  already 
been  stated  that  this  is  not,  we  believe,  a  want  often  felt,  except  for 
getting  approximate  results;  bat  if  the  fooal  length  is  used  for  final 
adjustments  in  this  manner,  it  should  be  known  with  very  consider- 
able accuracy. 

With  regard  to  the  first  condition,  as  to  the  fooal  surface  being  a 
plane,  it  should  first  be  stated  that  it  is  foond  convenient  at  Kew  to 
bring  the  ground  glass  into  focus  when  the  swinging  beam  is  in  con- 
tact with  one  of  the  stops,  thus  insnring  the  greatest  sharpness  of 
image  at  the  points  of  observation ;  that  is  to  say,  in  fig.  4,  the  prin- 
cipal focal  surface  is  made  to  pass  through  the  points  B'  and  C,  and, 
if  it  is  not  a  plane,  it  may  be  represented  by  the  dotted  curve  C'FjB'. 
Under  these  circumstances,  therefore,  the  principal  focus  will  he  at 
r„  and  N,F,  will  repreaent  the  prinuipal  focal  length  according  to 
our  definition  ;  but  it  has  been  shown  that  the  observation  gives  S^P 
as  the  focal  length,  thus  introduciag  an  error  equal  to  FF,  in  the 
result.  It  is  to  be  observed,  however,  that  with  a  lens  giving  a 
mai'kedly  curved  focal  surface,  the  photographer,  in  order  to  get  a 
general  minimum  amount  of  difiiision,  would  adjust  his  focus  by 
looking  at  the  image  at  a  point  somewhat  more  than  half  way  from 
the  centre  to  the  margin  of  his  plate ;  for  example,  with  a  lens 
covering  50°  or  60°,  he  would  focus  at  a  point  some  15°  from  the 
centre,  or  at  about  the  position  where  the  Kew  obBeiv&tloii  loi  \.\ie 
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focal  len^b  la  taken;  tkiu,  with  Bach  a  lene,  C'B',  in  fig.  i,  wonid 
represent  the  position  of  the  photographic  plate ;  and  it  is  evident 
that,  for  all  qneetions  of  itlomination  or  enlargement,  NiF,  or  the 
distance  from  the  plate  to  the  point  from  which  all  the  light  may  be 
flnpposed  to  emulate,  Bhonld  be  introdoced  into  the  calcniations,  and 
wUl  give  the  tme  resnlta,  or,  at  all  erents,  more  nearly  the  tmtb  than 
if  N,F„  the  tme  principal  focal  length,  had  been  nsed  in  its  place. 
Thns,  by  recording  the  length  NiF  in  the  Ceiiaficate  of  Examination, 
we  always  give  more  nearly  what  the  photographer  practically  wants 
than  if  the  length  NiFi,  or  the  tme  principal  focal  length,  had  been 
ucertadned.  Bat  in  any  case  the  point  raiaed  in  this  paragraph  conld, 
if  thonght  desirable,  be  met  by  foonssing'  the  plate  in  the  centre  of 
the  field  when  the  observation  for  focal  length  is  made. 

The  second  point  raised,  as  to  the  theoretical  correctness  of  the 
principal  focal  length  as  fonnd  at  Kew,  is  with  regard  to  the  distor- 
tion of  (he  image,  which  may  be  described  as  the  results  dae  to  the 
theoiy  of  the  nodal  points  being  not  strictly  appSicable  except  near 


tbe  centre  of  the  field.  In  fig.  h,  let  Ni  and  Ni  be  the  nodal  points, 
F  the  principal  focas,  and  B"  and  C"  the  images  of  the  infinitely 
distant  points  B  and  C  ;  if  there  is  distortion,  the  lines  SB"  and  SC", 
drawn  parallel  to  the  incident  rays,  do  not  cut  the  aiis  at  N,,  the 
nodal  point  of  emergence ;  let  these  lines  cut  each  other  at  S,  which 
may  be  called  the  principal  point  of  similitude  with  regard  to  tbe 
images  B"  and  C".  This  constractiou  represents  the  Kew  method  of 
observation,  and  therefore  SF  is  the  distance  fonnd  as  the  principal 


Examination  of  Photographic  Lentea  at  Kew.  i2'6 

focal  IcDgth,  thua  introdiiciiig  an  error  eqnal  to  SX,  in  the  reanlt ; 
the  focal  length  giren  is,  in  fact,  the  distance  from  the  principal 
focns  to  the  principal  centre  of  similitade  for  the  part  of  the  plate 
where  the  observation  is  made.  Bnt  here  again,  since  BNiC,  the 
cone  of  incident  rays,  is  spread  over  a  disc  on  the  plate  of  which 
B"C"  is  the  diameter  (and  not  B'C),  the  mean  intensity  of  illnmina- 
tion  of  the  plate  between  these  points  will  vary  inTersely  as  (SF)* ; 
and,  if  the  plate  covers  an  angle  larger  than  BITjC,  the  C.I.  numbering 
of  the  stops  will  give  a  better  indication  of  the  relative  exposore  on 
the  assumption  that  SIT  is  the  principal  fooal  length  than  if  the  tmu 
value  NiF  is  introduced  into  the  calculations.  Thus,  what  has  been 
given  in  the  Certificate  of  Examination  will  again  be  nearer  what  is 
practically  required  by  the  photof^pher  than  if  the  trae  principal 
focal  length  has  been  recorded.  If,  however,  the  lens  is  intended  to 
be  used  for  enlargements  or  rednctionH,  and  the  final  adjnstment  of 
the  distance  of  the  object  is  to  be  made  by  reference  to  tables,  then, 
no  doubt,  the  true  principal  focal  length  must  be  accurately  given  -, 
bnt  no  photographer  would  ever  use  a  lens  showing  sensible  distor- 
tion within  15°  of  the  axis,  for  aach  pnrpoiefi,  for,  if  he  did,  the  ratio 
of  the  enlargement  or  reduction  wonld  vary  sensibly  in  diflerent 
parts  of  his  plate ;  and,  if  there  is  no  distortion  within  this  distance 
from  the  axis,  S  and  N,  will  be  coincident,  and  the  Eew  method  will 
give  accurately  and  truly  NiF  as  the  principal  fooal  length.  I'has,  in 
the  only  ciroumstances  under  which  the  principal  focal  length  is 
practically  wanted  with  theoretical  trnth  and  great  accuracy,  it  is 
seen  that.the  results  given  in  the  Kew  oertifloate  do  answer  these 
requirements. 

The  third  condition  that  has  been  laid  down  aa  being  necessary 
before  the  Kew  method  gives  theoretically  oorreot  results  is  that  the 
nodal  point  should  be  the  same  for  while  light  as  for  photographi- 
cally actinic  rays.  This  may  be  hypercritical,  but  if,  in  fig.  5,  C" 
and  B"  represent  the  images  as  seen  on  the  photographic  plate,  C 
and  B'  those  seen  by  the  eye  on  the  ground  glass,  N,  the  mean  posi- 
tion of  the  nodal  point  of  emergence  for  visible  rays,  and  S  the 
mean  position  for  actinic  rays,  then  it  is  evident  that  FXi  will  be  the 
principal  focal  length  found  by  the  observation,  whereas  SF  will  be 
the  quantity  required  in  calculations  with  regard  to  entailments  or 
illnmination.  If  the  lens  gives  any  distortion,  Ni  would  represent 
the  centre  of  similitude  for  visible  rays  and  S  that  for  photographi- 
cally actinic  rays ;  the  condition  might,  therefore,  have  been  more 
rigidly  defined  by  stating  that  the  point  of  similitude  for  visible  rays 
and  that  for  actinic  rays  mnst  occupy  identical  positions  for  parts  of 
the  field  between  the  points  of  observation.  As  far  as  can  be  judged, 
this  is  a  negligible  soorce  of  error  in  all  cases. 

A  fairly  laij^e  an^alsr  movement  of    the  swinging  \>eaTn,  ibouV 
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14^°  on  each  side  of  the  axis,  has  been  adopted  at  Kew  in  order  that 
any  error  in  the  measurements  on  the  ground  glass  may  produce  a 
small  proportional  error  in  the  results.  But  it  should  be  observed 
that,  the  smaller  this  angle,  the  less  will  be  the  errors  just  discussed, 
and  by  lessening  the  angular  movement  these  errors  can  be  reduced 
to  any  extent,  but  only  with  a  proportional  loss  in  the  general 
accuracy  of  the  results  obtained. 

This  is  not  the  place  to  enter  into  a  general  discussion  on 
focometry,  but  a  few  words  to  justify  the  choice  of  the  Kew  method 
may  perhaps  be  permitted.  Many  of  the  known  means  of  finding 
the  principal  focal  length  depend  in  principle  on  measuring  the 
relative  size  of  the  object  and  the  image,  and  the  foregoing  remarks 
on  the  errors  involved  are  more  or  less  applicable  to  them,  thus 
showing  that  they  are  open  to  the  same  criticisms  on  theoretical 
grounds  as  the  work  at  Kew.  Many  methods  of  focometry  have  to 
be  rejected  because  they  do  not  measure  the  distance  from  the  nodal 
point,  and  others  are  unsuitable  because  the  calculations  or  successive 
adjustments  involved,  render  the  operation  too  lengthy.  There  are 
no  doubt  many  instruments,  as  for  instance  that  devised  by  Professor 
Silvanus  Thompson,  which  do  give  the  true  focal  length  as  measured 
on  the  axis  with  theoretical  accuracy,  but  these  have  not,  as  a  rule, 
been  specially  designed  for  photographic  lenses.  One  method, 
which  is  hardly  open  to  criticism  on  theoretical  grounds,  may  be 
mentioned  in  a  little  greater  detail  as  being  that  specially  recom- 
mended by  the  International  Congress  of  Paris ;  this  is  the  elegant 
plan  which  Commandant  Moessard  proposes  to  carry  out  by  means  of 
his  instrument,  called  the  Tourniquet,  which  is  described  in  Wallon's 
'  Traite  elementaire  de  TObjectif  Photographique,'  and  elsewhere. 
Advantage  is  taken  of  the  principle  that  if  a  lens  is  revolved  about 
an  axis  passing  through  the  nodal  point  of  emergence,  the  image  of  a 
distant  point  will  not  appear  to  move  if  seen  through  a  fixed  eye- 
piece ;  thus,  by  successive  adjustments  and  trials,  the  lens  can  be  so 
placed  that  an  axis  does  pass  through  the  nodal  point;  and,  by 
measuring  the  distance  between  this  axis  and  the  focus  of  the  eve- 
piece,  the  true  focal  length  can  therefore  be  obtained.  Since 
a  movement  can  be  detected  before  it  can  be  measured,  a  smaller 
angular  movement  is  required  with  this  method  than  with  the  Kew 
testing  camera,  and  therefore,  as  far  as  distortion  is  concerned, 
greater,  but  not  absolute,  theoretical  accuracy  is  obtained.  As  for 
the  coincidence  of  the  visual  and  actinic  centres  of  similitude,  better 
theoretical  results  are  only  obtained  by  this  method  on  the  assump- 
tion, which  is  probably  a  true  one,  that  these  points  approach  each 
other  as  the  point  of  observation  gets  nearer  the  axis. 

By  taking   observations   some    14°    away   from    the    axis  of   the 
Jens,   we   conclude,  therefore,  that  we  obtain    the   most   rapid   and 
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nccorate  method  of  fooometr;,  and,  in  the  case  of  the  image  within 
this  limit  being  distorted,  that  the  focal  length  tboB  obtained,  even 
thongh  it  ia  not  identical  irith  the  principal  focal  length  measnred  on 
the  axis,  is  what  the  photographer  in  reality  wants  to  ascertain.  The 
Kew  method  is,  therefore,  we  believe,  open  to  no  critioigm  on  theo- 
i-etical  gronnds  as  far  as  the  valne  of  the  resnlts  is  concerned. 

Under  the  same  heading  as  the  principal  focal  length-  is  also  re- 
covded  the  "  back  foons,"  or  the  length,  from  the  gronnd  glass  surface 
to  the  nearest  summit  of  the  lenses,  when  the  focus  is  adjusted  on  a 
distant  object.  The  difference  between  the  principal  focal  length  and 
the  back  focus  therefore  girefl  the  distance  of  the  nodal  point  of 
emergence  from  the  inner  summit  of  the  lenses,  thus  enabling  any- 
one to  mark  the  place  where  the  principal  plane  cuts  the  mounting. 
In  symmetrical  lenses,  which  are  generall;  need  for  plan  work,  the 
position  of  the  pr^icipal  plane  of  incidence,  or  the  point  from  which 
ihe  distance  of  the  object  must  be  measured  when  regulating  en- 
largements, can  also  be  marked ;  for  it  then  occnpies  the  same  rela- 
tive position  with  regard  to  the  furthest  summit  of  the  lensea  (that 
is,  to  the  outside  end  of  the  lens)  as  the  nodal  point  of  emergence 
does  to  the  inner  summit  of  the  lenses. 

12.  Cwrvaiwe  of  the  Field,  or  of  the  Principal  Focal  Surface.     After 
focuMiing  the  plate  at  its  centre,  movement  nectseary  to  bring  it 

into  focu$  for  an  image inchei  from  ill  centre  = inehes. 

Ditto  for  an  object inches  from  its  centre  :=  inches. 

The  following  is  the  method  of  finding  the  curvature  of  the 
principal  focal  surface.  The  image  of  a  distant  object  (or  of  the 
collimating  telescope)  is  thi-own  on  that  point  on  the  gronnd  glass 
where  the  axis  of  the  lens  cuts  it,  the  focus  is  accurately  adjusted, 
and  the  focas  scale  is  read  off.  The  swinging  beam  is  then  moved 
so  that  tbe  image  comes  successively  to  positions  at  convenient  in- 
tervals from  the  centre  of  the  plate,  and  on  each  occasion  the  focus  is 
adjusted  afreeh,  and  the  focus  scale  read  off.  By  subtracting  the 
central  reading  from  these  outer  readings,  the  resnlts  recorded  in  the 
Certificate  of  Examination  are  obtained. 

But  a  mere  observation  of  the  curvature  of  the  focal  snriace  does 
not  at  once  indicate  how  serious  ia  the  evil  effect  of  this  defect  in  the 
lens.  Further  consideration  is  necessary  to  settle  this  point.  If  the 
resnlts  famished  by  this  test  are  plotted  in  the  form  of  a  curve,  they 
will  represent  a  section  through  the  principal  focal  surface ;  let  AF 
in  fig.  6  be  such  a  onrve,  and  let  cd  {^  p)  be  the  movement 
necessary  to  bring  tbe  plate  into  focus  at  its  margin  ;  let  N]F  be  the 
principal  focal  length,  and  EG(=  «)  the  effectWe  apertTiTe  cS  ^e 
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lena.  The  effect  of  this  oarratnre  is  to  make  the  image  of  a  point 
appear  on  the  plat«  as  a  disc,  except  on  the  circle  or  at  Uie  point 
where  the  principal  focal  surface  either  cots  or  touches  the  plate. 
If  the  photographic  plate  is  in  the  pOBition  U'F',  snch  that  it  hifieots 
cd,  then  the  discs  of  diffusion  will  be  greatest  at  the  centre  and  at  tiie 
margin  of  the  plate;  and  any  movement  of  the  plate  from  this  position 
will  increase  the  size  of  the  disc  at  one  or  other  of  these  places ;  if  the 
photographer  adjaste  his  focna  so  as  to  produce  the  bestgeneral  focos, 
eg  (=  c)  will  therefore  he  the  diameter  of  the  largest  disc  of  diffu- 
sion on  his  plate.  Assnming  that  this  position  of  the  plate  has  been 
adopted,  and  that  the  lens  gives  no  distortion,  then,  by  similar 
triangles,  it  can  be  seen  that : — 


_2a 


;4  =  tf  if-y)  =  If/  nearly. 


af/n, 


(1). 


Bnt  the  C.I.  No.  of  stop  =  — ^.-  ;  and  therefore 
"^        lOOe" 

/.  =  2oay(C.I.  No.  of  stop)    

The  following  table  gives  the  value  of  t  for  difierent  values  of  ft, 
and  for  stops  of  different  numbers  ;  and  thus  the  size  of  the  greatest 
disc  of  difEusion  can  at  once  be  seen  &om  the  results  of  the  examina- 
tion as  recorded  in  the  certificate. 


(2). 
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When  judging  the  quality  of  a  lens  by  means  of  the  results  given 
in  this  testy  the  above  table  may  also  be  used  in  the  following- 
manner  : — Decide  on  the  value  of  h  (the  diameter  of  the  greatest 
disc  that  will  be  tolerated  in  the  image  of  a  point),  and  find,  from 
the  results  recorded  in  the  Certificate  of  Examination,  the  difference 
of  focus,  /i,  between  the  centre  and  the  extreme  comer  of  plate  ;  then, 
knowing  these  two  quantities,  the  table  at  once  shows  what  is  the 
C.I.  number  of  the  stop  that  can  be  employed  under  these  conditions, 
or,  in  other  words,  with  what  rapidity  the  lens  will  work. 

It  may  also  be  remarked  that  this  table  gives  for  any  part  of  the 
plate,  and  for  stops  of  given  size,  the  radius  {h)  of  the  image  of  a 
point  after  the  plate  has  been  removed  a.  distance,  /i,  from  its  proper 
focus  in  either  direction,  the  movement  being  measured  in  a  direc- 
tion perpendicular  to  the  plane  of  the  plate. 

According  to  the  recommendations  of  the  International  Congress, 
lenses  should  generally  be  supplied  with  stops,  numbered  according- 
to  the  proposed  system,  in  the  following  series :  1,  2,  4,  8,  16,  32, 
64,  &c.  I  should  have  thought  that  the  series,  1,  2,  3,  5,  10,  20,  30, 
60,  &Q.t  would  have  been  more  convenient  for  the  purposes  of  mental 
arithmetic ;  for  example,  with  the  two  last  stops  in  this  series,  the 
exposure  would  be  the  same  multiple  of  the  half  minute  or  minute 
that  the  unit  of  exposure  is  of  the  second.  Both  series  have  therefore 
been  included  in  the  above  table. 

The  results  recorded  in  the  certificate  under  this  heading  may 
possibly  also  be  useful  to  the  photographer  in  another  way,  by  enabling- 
him  to  decide  approximately  what  part  of  the  ground  glass  he  should 
use  when  focussing.  In  fig.  6,  let  h  be  the  point  where  the  plate 
M'F'  cuts  the  principal  focal  surface  when  in  the  position  which 
has  been  proved  to  give  the  best  general  focus ;  hence  the  image  will 
be  perfectly  sharp  at  A?,  and  conversely,  if  the  focus  is  adjusted  by 
looking  at  the  point  k  on  the  ground  glass,  the  plate  will  be  brought 
to  the  position  M'F'  required ;  but  since  hi  is  half  cd^  there  is  no  diffi- 
culty by  interpolation  or  plotting  to  find  the  approximate  position  of 
k  for  any  given  distance  of  the  point  c  from  the  axis.  Look  in  the 
Certificate  of  Examination  for  cd,  the  difEerence  of  focus  between  the 
centre  of  the  plate  and  its  margin,  find  in  the  above  manner  the  posi- 
tion of  k,  where  the  difierence  of  focus  from  the  centre  is  only  half 
cd^  and  we  get  the  point  on  fche  ground  glass  which  should  always  be 
used  when  focussing  with  all  stops,  if  it  is  desired  to  get  the  best 
general  focus. 


,; 
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13.  Definition  at   the  Centre  writh  the  Largest  Stop,  C.I.  Stop, 

No, gives  dejinition  over  the  tvkole  of  a  inch  by 

inch  plate. 

The  sjstflm  hy  which  the  defining  power  is  measnred  consists 
in  ascertaining  what  is  the  thinnest  black  line  of  which  the  image 
is  jast  visible,  the  test  being  conducted  in  the  followiog  maaner. 
The  test  object  consists  of  a  thin  straight  atrip  of  steel,  about 
01  inch  wide,  and  abont  an  inch  long;  it  is  capable  of  being 
rotated  abont  an  axis  in  the  direction  of  its  greatest  leogtb,  thus,  if 
seen  against  a  bright  background,  making  it  appear  as  a  black  line 
of  varying  width  ;  when  presented  edgewise  to  the  objective,  it  is  so 
thiu  that  the  image  becomes  invisible ;  and  there  is  an  arc  so  gradu- 
ated that  the  angle  subtended  bj  the  two  edges  of  the  strip  at  the 
lena  can  be  at  once  read  off,  thus  giving  a  measure  of  the  apparent 
thickness  of  the  line.  The  teat-deject  is  placed  as  far  as  possible 
from  the  lens  in  a  darkened  room  (at  Eew  the  accommodation  in  this 
respect  leaves  much  to  be  desired),  and  beyond  it  is  a  ground  glass 
screen  illnminated  by  a  lamp. 

In  order  to  test  (he  defining  power  of  a  lens  in  the  centre  of  its 
field,  the  focus  is  first  very  carefully  adjusted  on  the  ground  glass, 
and  the  t«st-object  is  then  slowly  revolved  from  the  edgewise  positioD, 
where  its  image  is  invisible,  until  the  first  appearance  of  a  dark  line 
can  be  seen  against  the  bright  background;  the  angular  width  of  the 
line  is  read  off,  and  is  noted  as  a  measure  of  the  defining  power  of 
the  lena  in  the  centre  of  its  field.  The  light  of  the  lamp  is  regulated 
so  that  the  image  of  the  line  can  be  seen  as  soon  as  possible. 

Besides  measuring  the  defining  power  where  the  axis  of  the  leos 
cuts  the  focal  snrfabe,  an  observation  is  also  made  at  a  point  repre- 
senting the  extreme  comer  of  the  plate  of  the  siee  for  which  the  lens 
is  being  examined,  that  is,  at  a  distance  from  the*centre  equal  to  half 
the  diagonal  of  the  plate.  As  the  object  of  this  second  test  is  to 
measure  the  general  definition  over  the  whole  plate,  the  focus  is  taken 
at  a  position  half-way  between  the  point  of  observation  and  the  axis 
of  the  lens,  this  being  the  method  generally  adopted  by  practical  pho- 
tographers when  desirous  of  getting  the  best  general  focus.  It  is 
necessary,  moreover,  that  the  test-object  should  be  bo  arranged  that 
the  steel  strip  makes  an  angle  of  45°  witli  the  horizon  ;  for,  since  the 
diffusion  of  the  image  near  the  margin  may  be  due  to  astigmatism,  a 
false  impression  of  the  defining  power  vrill  be  obtained  if  the  image 
of  the  dark  line  coincides  in  direction  with  either  of  the  focal  lines ; 
whereas  if  it  bisects  the  angle  between  them,  as  will  then  be  the  case, 
there  is  no  error  in  the  result  from  this  cause.  The  teat  is  not,  how- 
ever, conducted  in  quite  the  same  way  as  in  the  first  instance ;  the 
test-object  ia  set  at  a  known  angle,  and  the  stopa  aro  fi\\p^ei  Vn  ot\« 
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after  another,  beginning  with  the  largest  and  going  on  to  smaller 
ones,  nntil  the  image  of  the  black  line  on  the  bright  ground  is  first 
just  visible ;  the  G.I.  No.  of  the  stop  with  which  the  lens  gives  defini- 
tion np  to  a  known  standard  at  the  extreme  comer  of  the  plate  is 
thns  ascertained,  and,  as  it  may  fairly  be  assumed  that  the  definition 
will  be  no  worse  than  this  at  any  other  part  of  the  plate,  it  follows 
that  the  defining  power  over  the  whole  plate  comes  np  to  or  exceeds 
the  standard  selected. 

It  cannot  be  denied  that  the  defining  power  is  the  most  important 
quality  of  a  photogpraphic  lens  for  almost  every  purpose,  and  yet  the 
best  method  of  testing  definition  has  never  been  satisfactorily  dis- 
cussed or  considered.  If  a  thoroughly  good  test  could  be  devised,  it 
would  be  hardly  necessary  to  examine  at  Kew  for  curvature  of  field  or 
for  astigmatism,  for  these  defects  are  only  hurtful  in  so  far  as  they 
affect  definition.  But  it  must  be  confessed  that  the  method  above 
described  is  open  to  some  objections,  and  the  following  discussion 
is  merely  intended  to  show  that  it  is  the  best  that  could  at  present 
be  devised. 

In  considering  this  question,  it  was  natural  that  attention  should 
first  be  turned  to  the  excellent  arrangements  adopted  at  Kew  for 
testing  the  definition  of  telescopes.  The  method  generally  used* 
especially  when  dealing  with  instruments  supplied  for  the  public 
service,  is  to  compare  each  one  separately  with  a  standard  telescope 
by  an  observation  on  a  distant  object ;  telescopes  sent  for  examination 
can  by  this  means  he  passed  or  rejected^  but  hardly  classified.  But  in 
examining  photographic  lenses,  where  there  is  a  much  greater  variety 
of  form  and  pattern,  it  wonld  be  quite  out  of  the  question  to  keep  a 
sufficient  number  of  standard  lenses  to  be  of  any  practical  use. 
Thus  little  assistance  was  obtained  from  the  experiences  gained  in 
the  examination  of  telescopes. 

It  was  necessary  therefore  to  seek  some  method  which  did  not 
depend  on  comparisons  with  standards,  and  in  devising  such  a  test 
the  object  most  to  be  kept  in  view  was  evidently  to  diminish  as  far 
as  possible  the  errors  due  to  the  variations  either  in  the  transparency 
of  the  atmosphere  or  in  the  personal  qualities  of  the  observer. 

With  regard  to  the  first  point,  that  is,  the  effect  of  fog,  mist,  and 
dust  in  the  air,  the  only  way  to  avoid  errors  from  these  causes  appeared 
to  be  to  conduct  this  test  in  a  room.  This  was  considered  especially 
necessary  in  a  climate  like  that  of  Londoo.  It  is  no  doubt  theoretically 
right  to  examine  portrait  lenses,  or  lenses  for  copying  plans,  by 
observations  on  a  test-object  not  too  far  away;  but  for  landscape 
lenses  a  distant  test-object  would,  from  other  points  of  view,  be  pre- 
ferable, and  the  adoption  of  the  examination  in  a  room  was  only  the 
choice  of  the  lesser  of  two  evils. 

With  regard  to  variations  due  to  the  personality  of  the  observer,  the 
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cue  ia  more  difficult.  Probably  the  most  important  considemtion  is 
that  the  test  should  not  be  based  on  a  more  judgment,  the  reason  foi- 
whioh  one  person  cannot  readily  oommnnicate  to  another.  In  many 
worka  on  photography  the  extent  of  field  over  which  the  lens  pro- 
duces a  "  sharp "  imags  is  diacussad,  aa  if  by  mere  inspection  thia 
conld  be  determined ;  whereas  no  two  people  would  exactly  agree  as 
to  where  the  diffusion  of  the  image  waa  sufficient  to  be  classed  as 
want  of  sharpness,  and  no  two  objects  would  serve  equally  well  for 
BDch  a  test.  It  is  essential,  at  such  an  establishment  as  the  Kew 
Observatoty,  that  the  obserrer  should  obtain  some  definite  numerical 
result  from  hia  examination,  even  though  it  may  be  considered 
adviaable  to  merely  employ  general  expreesiona  in  the  wording  of  the 
certificate ;  under  any  other  system  it  would  be  impoaaible  for  any 
length  of  time  to  prevent  the  standarda  from  varying. 

Still  more  difficult  is  it  to  avoid  errors  from  actual  variations  in 
eyesight,  whether  between  different  individoals  or  at  different  times 
in  the  same  individual.  Some  general  conditions  may,  however,  be 
laid  down.  When  the  illumination  of  an  object  is  very  feeble,  the 
SDbJMtive  light  of  the  eye,  as  it  has  been  oalled  by  Helmholta,  plays 
an  important  part  in  determining  the  leaat  intensi^  of  illumination 
which  is  visible,  and  this  sabjeotive  light  is  a  very  variable  quantity ; 
the  eye  inoreaaes  in  senaitiveneaa  for  a  long  time  when  light  ia 
excluded  from  it,  the  increase  at  first  being  very  rapid,  which  may  be 
another  way  of  expresaing  the  same  fact.  Hence,  any  feebly  illu- 
minated object  most  be  a  bad  test-objeot,  for  its  appearance  will  vary 
very  materially  according  to  the  state  of  the  .eye.  On  the  other 
hand,  if  the  illuminatdon  is  too  bright,  the  eye  will  be  much  in- 
fluenced by  irradiation,  and  the  sabjeptive  affect  on  the  eye  will  be  a 
bad  indication  of  the  true  oonditioa  of  the  object;  moreover,  as 
irradiation  ia  Uie  effect  on  the  appearance  of  an  object  produced  hy 
brighter  aurroundiog  ohjeote,  and  aa  thia  effect  diminishea  aa  the 
differences  of  shade  get  less,  the  teat-object  should  show  no  marked 
contiaets  in  illumination.  But  in  applying  these  general  remarka  to 
the  case  under  consideration,  it  must  be  remembered  that  it  is  not 
the  test-object  which  is  seen  by  the  eye  i  it  is  the  image  of  the  test- 
object,  as  produced  by  the  lens  under  examination.  Hence,  it 
appears  that  the  test-object  should  produce  an  image  of  medium 
intensity  of  illnmination,  and  one  in  which  there  are  no  great  differ- 
encea  in  shade.  The  test-ol^ect  used  at  Kew,  it  will  be  remembered, 
consists  of  a  perfectly  black  ol^eot  seen  against  a  bright  background, 
and  it  might  therefore  appear  as  if  it  were  not  a  good  aelection.  In 
order  to  prove  that,  aa  a  rule,  the  differences  of  shade  in  the  image 
are  small,  and  that  no  objeotioas  can  be  raised  to  the  Kew  test  on 
theoretical  grounds,  it  is  neoessary  to  show  what  is  the  effect  on  the 
image  produced  by  a  want  of  defining  power  in  the  Ions. 
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small.  In  fig.  10  is  hHowii  the  effect  of  bringing  two  bright  snrfaces 
near  together ;  that  is  to  say,  of  a  dark  line  as  seen  against  a  bright 
background;  /,  (/,/'  will  represent  a  section  through  the  image  of 
the  line,  gx  being  equal  to  xc.  If  this  curve  is  turned  upside  down, 
as  in  fig.  9,  it  can  be  shown  that  it  represents  the  image  of  a  bright 
line  on  a  dark  ground. 

In  this  latter  case — that  of  the  bright  line  on  the  dark  ground — it 
can  be  readilj  seen  that  the  effect  of  narrowing  the  slit  of  light  will 
be  to  decrease  the  illumination  gd  at  the  centime  of  the  line  until  it 
becomes  zero  as  the  slit  closes.  The  worse  the  definition  of  the  lens, 
the  sooner  will  the  centre  of  the  line  reach  the  limit  of  visibility ;  but 
by  ascertaining  what  is  the  width  of  the  finest  bright  line  just 
visible,  a  good  test  for  defining  power  will  not  be  obtained  for  the 
follow^ing  reasons ;  in  the  first  place,  the  illumination  of  the  image 
will  be  feeble,  which  has  already  been  shown  to  be  objectionable, 
and  in  the  second  place,  since  with  feeble  illuminations  the  ocular 
sen&a|iiu  varies  as  a  firat  approximation  as  the  intensity  of  the 
illumination^  considerable  errors,  would  arise  through  the  diffionlty  of 
obtaining  a  oonstant  iUmnination  through  lenses  of  different  types. 

These  objections  do  not  apply,  however,  to  testing  definition  by 
finding  the  width  of  the  finest  dark  line  that  can  be  seen  against  a 
bright  background.  In  this  case  as  the  line  becomes  thinner,  the 
illumination  at  its  centre  increases  until  it  reaches  that  intensity  of 
illumination  which  can  no  longer  be  distinguished  by  the  eye  from 
the  illumination  of  the  field.  If  the  illumination  eg  in  fig.  10  can  be 
distinguished  from  cd  by  the  eye,  it  is  evident  that  a  blurred  image 
of  the  dark  line  is  visible,  and  if  any  illumination  greater  than  eg  is 
indistinguishable  from  cd  by  the  eye,  it  is  evident  that  the  figure  repre- 
sents the  image  of  the  thinnest  black  line  which  is  visible.  Fig.  11 
represents  generally  the  same  condition  of  things  as  that  shown  in 
fig.  10,  except  that  the  defining  power  of  lens  is  much  better ;  and  it 
will  be  seen  how  much  finer  the  line  must  be  in  this  case  to  produce 
the  same  proportional  illumination  at  its  centre;  that  is  to  say, 
before  the  limit  of  visibility  is  reached.  Now  there  is  a  certain 
intensity  of  illumination  at  which  and  about  which  the  eye  is  at  its 
maximum  of  sensitiveness  to  differences  of  shade,  and  this  is  when 
the  object  is  what  would  be  described  as  not  bright  and  not 
dark;  between  these  wide  limits  the  minimum  difference  of  shade 
visible  is  a  fixed  proportional  part  of  the  total  illumination.  This 
proportion  differs  with  different  observers,  but  not  to  a  very  great 
extent.  Hence  if  a  plan  is  adopted  by  which  a  dark  line  on  a 
bright  ground  can  be  made  to  vary  in  thickness,  and  if  the  illumina- 
tion is  arranged  so  that  the  eye  is  at  its  maximum  sensitiveness  (that 
is  therefore  so  that  the  line  remains  longest  visible  as  it  diminishes  in 
width),  then  the  moment  at  which  it  disappears  will  occur  when  the 
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difference  of  intensity  of  illaminaitioii  of  tbe  centre  of  the  line  and 
the  field  is  the  minimiim  difference  of  shade  diBoemible  by  the  eje, 
and  this  will  be  independent  of  the  actual  intensity  of  the  field,  and 
will  not  vary  niach  with  different  obserren.  But  it  has  been  shown 
that  the  thickness  of  the  line  dora  vary  with  the  defining  power  of 
the  lens,  and  it  may  therefore  be  concluded  that  the  test  adopted 
at  Kew  is  not  open  to  serions  objections  on  theoretical  grounds. 

In  the  foregoing  discnssion,  it  has,  however,  been  asenmed  that  the 
curve  representing  the  image  of  the  edge  of  a  surface  is  such  as  that 
which  Eelmholtz  has  shown  to  be  produced  as  an  ocnlar  effect  by  the 
circles  of  diffasion  being  due  to  want  of  accommodation  of  the  eye 
.  itself:*  it  will  be  observed  that  no  part  of  the  curve  is  tangential 
to  the  vertical.    If,  however,  the  curve  is  similar  to  that  given  by  the 


Rame  anthor  as  being  due  to  dispersion  in  the  eye,  and  illustrated  in 
fig.  12,  it  will  be  seen  that  the  result  of  gradually  diminishing  the 
thickness  of  a  line  will  not  be  exactly  as  above  described  ;  for,  how> 
ever  thin  the  dark  line  on  the  bright  ground  becomes,  the  intensity 
of  illumination  at  its  centre  can  never  be  more  than  twice  eh ;  and  if 
the  ratio  of  twice  ck  to  ed  is  less  than  a  given  ratio,  the  im^^  of  the 
black  line  will  remain  visible  until  it  is  so  thin  that  the  eye  cannot 
perceive  it.  Therefore  it  might  come  about  that  two  lenses  giving 
images  of  the  edges  of  surfaces  as  different  as  flhf  and  nlhn',  as 
shown  in  fig.  13,  might  give  equally  good  results  under  the  Kew  test 
for  definition,  becaose  in  both  cases  the  limit  of  visibility  would  be 
due  to  the  minimum  size  of  the  line  visible  by  the  eye,  and  would 
bave  nothing  to  do  with  the  definition  of  the  lens.  Helmholts 
remarks  on  the  very  little  evil  effect  of  a  difEaaion  represented  by  the 
curve  shown  in  fig.  12,  since  the  trne  edge  is  always  visible.  Hence 
wc  may  assume  that  the  Eew  method  still  gives  in  such  cases  a  good 
practical  test  for  definition,  tbongh  it  does  not  test  the  amonnt  of 
di!4pei-8ed  light  over  the  image  of  fine  lines,  or,  as  a  photographer 

*  '  Optiqne  Phjsiologiqup,'  HcJmholU,  Paru,  1867,  p.  186. 
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wonld  say,  tbe  brilliaacy  of  small  objects.  In  fiict,  since  the  definition 
of  an  objective  oould  only  be  rigoroasl;  expressed  bj  a  cni-ve  (or, 
more  accarately,  a  sorface)  with  dimensions,  it  is  impossible  for  any 
one  resnlt  to  gire  all  the  information  on  this  head  which  might  be 
desirable. 

Am  the  eye  is  capable  of  detecting  a  difference  of  shade  of  about 
1  per  cent,  of  a  moderately  illuminated  field,  it  will  be  only  necessai-y 
for  the  curve  shown  in  fig.  12  to  be  tangential  to  the  vertical  for 
1  per  cent,  of  its  height  to  render  the  image  of  an  infinitely  thin  line 
visible  in  so  far  as  that  visibility  depends  on  difierenoe  of  shade. 
Bnt  take  the  case  of  a  line  not  aJ»olately  black,  and  seen  against  a 
bright  background ;  then,  in  fig.  tO,  the  illumination  of  the  centre  of 
the  image  ivitl  be  represented  by  gc,  pliu  some  proportional  part  of 
gd;  in  comparison  with  the  ease  of  the  absolutely  blank  line,  it  can 
be  shown  that  the  onrve  must  be  tangential  to  the  vertical  for  a 
proportionately  greater  distance  befora  the  shade  of  the  centre  of  tiie 
image  of  the  infinitely  thin  darker  line  will  be  anffioiently  deep  to 
form  a  visible  oontmt.  For  instance,  if  the  line  is  illunmiated  to 
nine-tenths  of  the  intensity  of  illuminatioai  of  the  field,  the  carve 
mnst  be  tangential  to  one-tenth  of  do  (see  fig.  10)  before  this  con- 
dition of  things- ooran.  A  test  depending  on  the  thickness  of  a  line 
which  is  darkened  to  a  definite  proportion^  intensity  of  the  field 
would  therefore  present  this  disadvantage,  that  there  would  be  fewer 
occasions  on  whiclij  diBwant  degrees  of  imperfection  of  definition  of 
lenses  would  show  the  sune  result  in  testii^ ;  such  a  test  may  there- 
fore in  future  be  adopted  at  Kew. 

It  slionld,  however,  be  remarked  that  in  the  whole  of  the  above 
reasoning  it  haa  been  nasnmed  that  the  minimnm  proportional  diffe- 
rence of  shade  visible  is  the  same  in  a  thin  line  as  in  a  thick  one, 
which  can  hardly  be  the  case.  Bat  this  false  assumption  will  not,  it 
is  thought,  vitiate  the  general  conclnsions  arrived  at. 

It  is  of  course  conceivable  that  the  actinic  rays  will  be  brought  to 
either  a  better  or  to  a  worse  focus  than  the  visible  rays ;  it  is  believed, 
however,  that  no  serions  error  is  likely  to  result  from  the  test  being 
done  by  the  eye  and  not  by  photographic  methods;  it  is  almost 
certain  that  the  carve  representing  the  edge  of  a  surface  will  have 
tjio  same  general  character  in  the  two  cases,  and  therefore  that  the 
lesulto  obtained  with  the  eye  will  be  a  good  indication  of  those  which 
wonld  be  obt^uned  by  photography. 
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14,  Distortion.     D^ectxon  or  aag  in  the  image  of  a  straight  line  which, 
if  there  were  no  dieforlion,  would  run  from  comer  to  eomer  along 

the  longest  tide  of  a by plate  ^  0' inch. 

The  following  in  the  method  adopted  at  Kenr  of  measaring  the 
distortion  produced  in  the  image  by  the  tens  under  examination. 
Let  fig.  14  be  a  vertical  section  throngh  the  testing  camera ;  QG  re- 


presenting the  ground  glass  ;  F  the  principal  focuB ;  and  N't  the 
horizontal  axis,  which  passes  throngh  the  nodal  point  of  emergence, 
the  adjasttaent  for  that  purpose  having  already  been  made  for  teat 
No.  10.  The  leus-holder  carrying  the  lens  is  first  tamed  in  either 
direction  through  an  angle  ^,  snch  that  PF,  or  FNi  tan  /3,  or /tan  /5 
is  equal  to  half  the  shortest  Hide  of  the  plate  for  M-bich  the  lens  ia 
being  tested.  (The  horizontal  movement  of  the  swinging  beam  in 
the  testing  camera  gives  an  easy  means  of  determining  the  angle  ^ ; 
a  distant  object  is  first  brought  to  focus  at  the  centre  of  the  ground 
glass,  and  then  the  swinging  beam  is  revolved  about  the  axis  A  (see 
fig.  No.  1)  until  the  image  has  moved  along  the  graduated  scale  a 
distance  equal  to  half  the  shortest  side  of  the  plate  ;  the  beam  is  thus 
made  to  movti  throngh  the  angle  fl,  which  cau  be  read  oS  with 
sufficient  accuracy  on  BC,  the  top  of  the  wooden  stool,  which  is 
gradnated  for  that  farpoaaV    Mtec  this  adinsttnent  has  been  made, 
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the  gronad  glass  is  brought  into  focns  ^y  observing  the  image  of  a 
distant  object  at  a.  point  P,  a  little  below  C,  the  line  engraved  on 
the  glass ;  under  these  oironmstanoeB,  if  the  principal  focal  snrface  is 
a  plane,  and  if  the  lens  vere  being  used  in  the  ordinarj-  Inanner,  PP' 
would  be  the  position  occupied  1^  the  photographic  plate,  the  section 
shown  being  taken  acroHs  the  centre  of  the  plate  parallel  to  its 
shortest  side.  The  small  distance  PC  is  carefully  measured;  this 
length  is  then  multiplied  b^  seoaat  fi,  thus'  obtaining  C'P,  which 
we  will  call  a.  The  swinging  beam  is  now  revolved  about  the  pivot 
in  either  direction,  so  that  the  im^^  movoa  along  the  scale  on  the 
ground  glass  a  distance  equal  to  half  the  longeit  side  of  the  plate  for 
which  the  lens  is  being  examined;  the  alcetoh  in  fig.  7  is  still  more  or 
less  applicable,  PP*  still  representing  a  section  across  where  the 
phott^raphio  plate  ought  to  be,  hut  this  time  at  the  end  of  the  plate, 
not  at  its  centre;  (F,  therefore,  no  longer  represents  the  principal 
focns)  ;  in  fact,  what  has  been  done  is  to  make  the  image  describe 
what,  neglecting  distortion,  would  be  a  straight  line  from  the  centre 
to  the  comer  along  the  longest  edge  of  the  plate  :  after  this  movenient 
has  been  made,  the  length  of  C'P  is  again  obtained  bj  measurement 
and  calculation,  and  this  time  let  the  result  be  caJled  h ;  the  operation 
is  repeated  when  the  swinging  beam  is  revolved  to  an  equal  angle  on 
the  other  side  of  zero,  and  a  third  length,  c,  ia  thos  obtained.  In 
Gg.  15,  let  BAC  be  equal  in  length  to  the  longest  side  of  the  plate. 


and  let  a,  b,  and  c  be  the  lengths  just  obtained ;  then  the  curve  bae 
will  evidently  represent  the  image  of  a  straight  line  thrown  by  the 
lens  under  examination  along  the  edge  of  the  longest  side  of  the  plate. 
Since  the  image  travels  along  a  line  very  nearly  parallel  to  tiie 
engraved  line  on  the  ground  glass,  BAG  will  be  nearly  parallel  to  the 


chord  of  the  curve,  and 


b+c 


■a,  which  is  the  length  recorded  in  the 


Eew  certificate,  will  be  a  very  close  approximation  to  tbe  sagitta  or 
Baft  ot  the  curve. 

The  image  of  a  rectangle  near  the  limits  of  a  photographic  plate 
will  appear,  when  any  distortion  is  visible,  like  one  or  other  of  the 
forms  indicated  in  fig.  16.    The  sagitta  is  oonventiaimllj  com\j&«E«&, 
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positive  if  it  IB  meamred  towards  tlie  centre  of  the  plate  from  the 
chord,  thns  ^ring  the  name  of  poaitive  and  negative  distortion  in 
the  two  caaee. 

The  distortion  for  distant  objeota  ia  not  necessarily  exactly  the 
same  as  for  nearer  (Hies,  and  therefore  the  nses  for  which  the  lens  is 
intended  should  not  be  forgotten ;  for  example,  with  portrait  lenses, 
an  object  some  10  to  20  ft.  away  should  be  need  to  throw  the  image 
in  the  above  test. 

Probably  it  will  not  at  once  be  admitted  that  this  ia  the  best  means 
of  meaenring  distortion ;  for  no  donbt  it  might  be  done  in  many  other 
ways,  and  a  method  might  eaaUy  have  been  selected  which  wonld 
have  been  less  ojwn  to  criticism  on  purely  scientific  groonda.  We 
believe,  however,  the  Kew  oertifioate  gives  the  information  really 
required  in  practice.  In  order  to  determine  if  a  lens  is  snitable  for 
any  particular  pnrpose,  all  that  ia  reqoired  to  be  known  is  whether 
the  image  of  a  straight  line  near  the  edge  of  the  plate  will  show  too 
mnch  cnrvatnre,  the  amount  of  tolerance  depending  greatly  on  the 
work  for  which  the  lens  is  to  be  osed.  There  is  no  means  of  enabling 
thephotographertoforma  judgment  on  this  pointmore  readily  than  by 
giving  him  the  sagitta  or  sag  in  the  image  of  a  straight  line  along  the 
edge  of  his  plate,  That  it  would  be  difGcuIt  to  find  a  better  method 
may,  perhaps,  be  made  more  evident  with  the  aid  of  figs.  17  and  18, 
the  former  representing  a  section  through  a  lens  and  the  photographic 
plate,  and  the  latter  showing  part  of  the  plate  in  plan,  with  the  curved 
image  of  a  straight  line  just  inside  its  margin.  In  fig.  17,  let  N,  be 
the  nodal  point  of  emergence  ;  S^  the  centre  of  similitude  for  rays 
emanating  from  a  distant  object  and  making  an  angle  fi  with  the 
axis;  and  S«  the  same  for  an  object  at  an  angle  e\  e  and  jr  will, 
therefore,  be  the  images  of  these  two  objects  as  eeeu  on  the  plate, 
whereas,  if  there  had  been  no  distortion,  they  wonld  have  appeared 
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at  /  and  h  respectiTely ;  ef  and  gh  will,  therefore,  be  the  total  dis- 
tortion in  each  case.  Id  fig.  18,  let  the  rajs  coming  from  the  objects, 
of  which  the  images  are  seen  at  e  and  g,  make  the  angles  /3  and  0 
with  the  axis  of  the  lens  at  the  nodal  point ;  if  ef  and  eg  are  equal 
in  length  to  the  lines  similarlj  denoted  in  fig.  17,  it  is  erident  that 
the  cnrve  ege  represents  the  image  of  a  straight  line,  which,  if 
there  had  been  no  distortion,  woold  have  appeared  as  the  line  fkf. 
Kow  it  wonid  not  have  been  difficnlt  to  have  devised  means  of 
meaenring  the  total  distortion  at  any  part  of  the  plate ;  for  in- 
stance, to  have  measared  the  distortion  ef  for  the  point  e  at  the 
comer  of  the  plate— bnt  the  following  considerations  show,  it  is 
thooght,  Uiat  that  would  not  be  a  snitahle  waj  of  testing  the 
lens;  let  the  curve  efe  in  fig.  18  represent  the  greatest  curvature 
that  would  be  tolerated  for  the  class  of  work  for  which  the  lens  is 
intended ;  compare  the  lens  producing  this  curve  with  another  in 
which  Sfi  occupies  the  same  position,  hut  in  which  Sg  is  nearer  the 

2  a  2 
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nodal  point  Ni ;  ef  would  be  the  same  in  the  two  caries,  bat  gh  woald 
be  less  in  the  second  case,  and  the  cnryatnre  would  therefore  exceed 
the  tolerated  limit :  with  two  lenses  giving  an  equal  total  distortion 
at  the  margin,  one  should  be  passed  and  the  other  rejected.  The 
total  distortion  at  any  one  point  will  not  therefore  give  a  measure  by 
which  the  lens  should  be  judged,  the  greatest  rate  of  change  in  the 
distortion  more  nearly  representing  what  is  required  to  be  known ; 
and,  as  the  rate  of  change  is  certain  to  be  greatest  ait  the  margin,  the 
Kew  certificate  supplies  the  information  required. 

The  tourniquet  has  already  been  mentioned  as  an  apparatus  which 
has  been  specially  recommended  for  the  purpose  of  testing  photo- 
gi*aphic  lenses  ;  by  means  of  this  invention,  Oommandant  Moessard 
obtains  an  excellent  means  of  detecting  distortion,  but  hardly  of 
measuring  it  in  a  way  to  indicate  the  curvature  produced  in  an 
image.  It  will  be  remembered  that  the  lens  can  be  revolved  about 
an  axis  which  passes  through  the  nodal  point  Ni,  whilst  the  eyepiece 
remains  stationary;  the  effect  of  this  movement  can  be  seen  in 
fig.  17  by  imagining  the  lens  to  be  stationary,  whilst  the  object  and 
the  eyepiece  revolve  about  the  nodal  point,  the  arc  ahcdE  being  the 
path  traversed  by  the  eyepiece.  Let  a  be  the  image  of  the  object 
after  the  lens  has  been  revolved  through  an  angle  /9,  and  e  the  posi- 
tion where  the  image  would  be  seen  on  the  photographic  plate ;  for 
there  is  no  reason  to  believe  that  the  line  ea  will  coincide  exactly 
with  the  line  eS^ ;  if  there  were  no  distortion,  h  would  be  the  image 
as  seen  in  the  tourniquet,  and  the  distance  moved  by  the  image  from  h 
to  a  is  what  is  measured  by  that  apparatus.  It  will  be  noted  that  the 
image  a  will  be  much  oat  of  focus  if  the  lens  has  a  fairly  flat  field ;  and 
that,  after  re-focussing,  a'  will  represent  the  image,  and  6'  the  point 
from  which  the  measurement  is  taken  ;  this  re-focussing  will  tend  to 
reduce  any  error  which  may  be  due  to  oe  not  being  coincident  with  eS/i, 
but  such  a  movement  in  the  middle  of  an  operation  is  rather  objection- 
able on  mechanical  grounds.  Patting  this  objection  aside,  it  will  be 
seen  that  we  do  not  get  a  ready  means  of  finding  the  curvature  pro- 
duced in  the  image  as  seen  in  plan  in  fig.  18 ;  for,  if  cd!  is  the  length 
measared  by  the  tourniquet  when  the  lens  is  revolved  through  an 
angle  0,  then  the  sagitta  of  the  curve  is  equal  to 

a'6'  sec  p  cos  a,  —  c'd!  sec  0, 

15.  Achromatism.     After  Focussing  in  the  Centre  of  the  Field  in  White 
Liyhtj  the  Movement  necessary  to  bring  the  Plate  into  Focus  in 

Blue  Light  (dominant  wave-length  4420),  =  0* inch.    Ditto 

in  Bed  Light  {dominant  wave-length  6250),  =  0* inch. 

The  photographer  may  be  said  always  to  adjust  his  focus  in  day- 
light,  and  if  the  actinic  rays  are  not  brought  to  the  same  focus  as  the 
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dominaDt  raja  for  white  lifi^tt,  the  definition  obtained  in  the  photo- 
graph itself  cannot  be  perfect.     In  fig.  19,  let  u'lcw'  be  the  position  of 


the  photographic  plate,  the  focoB  of  which  has  just  been  adjusted  in 
daylight ;  if  the  lene  has  not  been  properly  corrected  fur  achromatism, 
the  different  coloured  rajs  will  form  different  cones,  and  those 
coming  to  a  focus  at  to  will  have  a  wave-length  of  about  £5?0,  for 
that,  I  am  informed  bj  Captain  Abney,  is  generally  speaking  the 
dominant  wave-length  for  white  light.  Let  h'hh'  be  the  cone  of  rays 
of  4420  wave-length,  which  is  not  far  from  the  position  of  the 
maximnm  actinic  effect  for  ordinarj  bromide  dry  plates,  and  let  u'uu' 
he  the  cone  for  rays  of  4000  wave-length ;  since  the  actinic  effect 
with  silver  salts  begins  to  fall  off  rapidly  at  aboat  4000  wave-length, 
the  cones  outside  the  cone  u'uu'  may  be  neglected,  and  it  may  be 
taken  that  the  image  of  a  point  covers  a  disc  on  the  photographic 
plate  of  which  u'lo  is  the  radius.  It  is  evident  that  what  the 
photographer  wants  to  know,  with  regard  to  the  achromatism  of  his 
lens,  is  the  smotmt  of  diffnsion  cansed  in  the  image  by  any  errors  in 
its  coDstrnotion,  that  is  to  say,  what  is  the  actnal  size  of  the  disc  of 
diameter  u'w. 

The  euimination  for  achromatism  is  therefore  made  in  the  follo^v- 
ing  manner : — First  the  focus  is  carefully  adjosted  in  daylight  on  a 
suitable  object  placed  as  far  away  as  possible  in  the  room,  and  then 
the  focns  scale  is  read  off.  After  this,  a  sheet  of  blue  glass,  the 
colour  of  which  has  a  dominant  wave-length  of  4420,  is  placed 
bcliind  the  object  and  close  in  front  of  a  small  opening  in  the  abutter 
through  which  all  the  light  enters  the  room  ;  the  focus  is  re-adjusted, 
the  focos  scale  read  off  again,  and  the  difference  in  reading  to  tliat 
observed  in  white  light  is  noted;  the  length  bw  in  fig.  19  is  thna 
obtained.  Now  let  /  be  the  principal  focal  length  of  the  lens  ;  and 
let  f  be  the  focal  distance  when  the  observation  was  made,  which 
can  be  easily  obtained  with  sufficient  accuracy  by  a  direct  msaaxiLTam.tti^ 
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from  the  ground  glass  to  the  nodal  poiatof  emergence,  or  to  the  pivot 
which  has  been  made  to  pass  through  that  point.  The  difference  of 
focus,  hw,  noted  between  the  blue  and  white  light  is  then  multiplied 
by  ///",  and  the  result  thus  obtained  is  that  finally  recorded  in  the 
Certificate  of  Examination  as  if  it  were  the  direct  result  of  an  ob- 
servation made  on  a  distant  olgeot.  Exactly  the  same  process  is  then 
repeated  with  a  sheet  of  red  glass,  the  oolonr  of  wldoh  has  a  dominant 
wave-length  of  6250. 

The  reason  for  multiplying  the  result  of  the  observations  hjf/f  is 
that  it  would  evidently  be  unfiedr  to  test  objectives  of  different  focal 
lengths  on  a  near  fixed  object,  for  in  some  cases  the  ground  glass 
would  be  close  to  the  principal  focus,  and  in  others  far  removed  from 
it.  It  seems,  therefore,  advisable  to  reduce  all  results  so  as  to  make 
them  equivalent  to  observations  taken  on  infinitely  distant  objects, 
and  this  is  done  by  applying  this  correction.  An  assumption  is  here 
made  that  the  difference  of  focus  between  different  coloured  rays  in 
the  same  lens  varies  directly  as  the  focal  distance,  and  this  in 
all  probability,  though  not  stiictly  accurate,  introduces  an  exceed- 
ingly small  error  in  the  results. 

The  blue  and  red  glasses,  which  were  selected  and  measured  for 
colour  by  Captain  Abney,  form  a  perfect  contrast,  as  may  readily  be 
seen  by  placing  them  together  and  observing  how  very  nearly  com- 
pletely all  light  is  excluded. 

By  simply  noting  the  difference  of  focus  recorded  in  the  certificate 
between  observations  made  in  red  and  white  light,  or  between  observ- 
ations made  in  blue  and  white  light  (the  latter  being  of  far  more 
practical  importance),  it  can  at  once  be  told  if  the  lens  is  or  is  not 
well  corrected  for  achromatism.  But  it  would  seem  desirable,  as 
already  remarked,  to  form  an  estimate  of  the  actual  amount  of 
diffusion  produced  in  the  image  as  a  result  of  any  error  that  may  be 
detected  in  the  chromatic  adjustment  of  the  lens.  Now  there  can  be 
no  difficulty  in  determining  the  size  of  the  disc  of  radius  h'wy  for  bto 
has  been  directly  determined  by  experiment,  and,  since  the  cone  6' 66' 
represents  the  cone  of  rays  of  maximum  actinic  effect,  on  this  disk 
will  be  concentrated  the  bulk  of  the  rays  which  produce  the  efEect 
on  the  photographic  plate.  But  what  we  want  in  reality  to  find  is 
the  radius  u'to,  since  that  has  been  shown  to  represent  more  accu- 
rately the  radius  of  the  disc  of  diffusion;  it  may,  however,  be  re- 
marked that  no  fault  can  be  found  on  this  head  with  the  method  of 
testing,  because  the  probabilities  of  error  are  lessened  by  taking  the 
observation  with  rays  of  the  maximum  actinic  effect.  With  a  lens  not 
at  all  corrected  for  achromatism  the  length  between  the  different  foci 
for  different  coloured  rays  varies  approximately  as  the  difference  of 
the  squares  of  the  wave-lengths  of  the  colours  in  question^  and,  taking 
the  wave-lengths  as  above  given,  uw  will  be  found  to  be  to  6tr  as  5  to 
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4.  Bat  it  mnst  be  confessed  tliat  thiA  rale  may  have  little  or  no 
relation  to  the  trath  with  a  oomoted  lena,  and  it  ia  merely  adopted 
as  the  only  appnndmatum  obtainable.  It  is  aunmed,  therefore,  tbat 
uw  =  6/4  &10.  Let  Ine,  the  reralt  obtained  by  the  pzamination  for 
achromatism,  =  a ;  let  the  diameter  of  the  diso  of  oonfasion,  or  twice 
w'w,  =  ^ ;  let  the  princdpal  fooal  length  of  the  lens  =  /;  and  let  the 
effective  aperture  ^  t.  Then  it  oao  be  aaen,  by  relerence  to  fig.  6, 
that— 

.  =  f^  =  8«'v/(0.I.  No.  of  stop). 

The  table  on  p.  427,  vhioh  gives  the  ralnee  of  tai,/{Cl.  No.  of 
stop),  affords  a  ready  means  of  obtaining  the  required  results  in  the 
following  manner; — ■ 

Knowing  the  G.I.  No.  of  the  stop,  decide  on  £',  the  diameter  of 
the  maximum  disc  of  diffusion  that  wilt  be  tolerated ;  then,  under 
the  columns  thns  ascertained,  look  out  n  in  the  table,  multiply  the 
fignre  there  given  by  |,  and  the  maximnm  difference  of  focns,  a, 
that  can  be  tolerated  between  white  and  blue  rays  is  thas  obtained. 

Or,  in  the  line  opposite  the  stop  of  the  size  nnder  consideration, 
find  a  number  eqnal  to  a,  the  observed  diSerenoe  of  focns  for  white 
and  blno  rays ;  then  S,  the  diameter  of  the  diso  of  diSnaion,  will  be  5/2 
times  e,  the  figure  given  at  the  top  of  the  colomn  in  which  >  has  been 

It  may  be  obserrad  that  the  either  the  principal  focal  length  or 
the  position  of  the  nodal  point  of  emergence  may  vary  as  different 
coloured  lights  pass  throngh  a  lens.  It  woold  not  be  difficult  to 
investigate  these  two  sources  of  error  separately,  but  the  results 
wonld  be  of  little  or  no  practical  value. 

16.  AstigmatUm.    Approximate  Diameter  of  the  Disc  of  Diffusion  in 

the  Image  of  a  Point,  with  at<^  O.I.  No. at inchet 

from  the  cetUre  cf  plate  =  0' inch. 

The  following  is  the  method  of  ezamina^n  for  astigmatism : — 
The  room  is  darkened,  aud  in  front  of  the  Ions  is  placed  a  thennometer 
bulb,  thns  obtaining,  by  means  of  the  reflection  of  the  light  of  a  small 
lamp,  a  fine  point  of  light.  The  lens  holder  of  the  testing  camera  is 
revolved  upwards  or  downwards  about  the  horizontal  axis  so  that  the 
axis  of  the  lens  makes  an  angle,  ^  with  the  path  of  the  rays  coming 
from  the  thermometer  bulb ;  the  angle  0  is  snch  that  the  point  ol' 
observation  represents  the  extreme  corner  of  the  plate  of  the  size  of 
which  the  lena  is  being  examined  j  that  is  to  say,  if,  in  fig.  20,  GG 
represents  the  position  of  the  groond  glass,  then  CF  is  eqnal  to 
half  the  diagonal  of  the  plate ;  this  angle  has  already  been  foond  fat 
previons  tests.     If  the  lens  shows  any  astigmatism,  t^e  ima^  o^ 
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the  point  of  light  can  be  made  to  appear,  first  as  a  fine  Tertical 
line,  and  then,  as  the  foons  is  lengthened,  aa  a  fine  horizontal  line. 
The  focal  scale  is  read  off  at  each  of  these  positiom^  and  the  dif- 
ference, 7,  between  the  two  readings  gives  a  measure  of  the  aatig- 
matism.  Bnt,  in  order  to  jadge  of  the  amount  of  astigmatism  that 
can  be  tolerated,  the  diameter,  a,  of  the  disc  of  difEnBioa  caooed 
thereby  shoald  be  calculated.  This  is  done  by  multiplying  ^7,  the 
difference  of  focal  distance  of  the  focal  lines,  either  by  ^5  — - — 

or  by  (^)  2<j^^cX°it.  of  stop)'  ^^"'^  '  "  ^^^  ^^^°^'^  aperture, 
/  the  principal  focal  length  of  the  lens,  and  /'  the  focal  distance 
when  the  obserrBtion  was  made.  Aa  the  thermometer  bnlb  ia  placed 
at  the  same  distance  from  the  testing  camera  as  was  the  object  in  the 
examination  for  achromatism,  the  ratio///'  is  exactly  the  sante  as  in 
that  cose.  The  same  result  may  be  oblaiaed  by  the  nse  of  the  table 
on  p.  427  in  the  following  manner : — Find  tlie  value  of  ^,  the  diameter 
of  the  disc  of  diffusion,  ou  the  supposition  that  the  fi  of  the  tables  han 
tlie  valne  just  obtained  for  7 ;  mnltiply  tlie  valoo  thus  obtained  for 

t  by  (  -,  I  cos  <j},  and  we  get  a,  the  required  value  of  the  disc  of 
diffusion  due  to  aBtigmatism.  Thb  is  the  quantity  recorded  in  the 
Certificate  of  Examination. 

That  this  ia  the  cose  can  readily  bo  Been  by  roferenoo  to  fig.  ai. 
Here  AB  reprcBeats  the  effective  apertui-e,  V,  and  F,  the  positions  of 
the  focal  lines,  and  PH  the  position  that  the  photographic  {date 
would  occupy.  At  Fj  the  image  appears  aa  a  fine  liue  perpendicular 
to  the  plane  of  the  paper,  and  at  Fi  it  is  reprct<cnted  by  the  liue  ah; 
half  way  between  these  two  points  the  rays  cut  the  plate  in  the  form 
of  a  disc,  of  which  ah'  is  a  diameter.  Any  movement  of  the  plate 
from  this  position  must  lengthen  out  the  disc  of  diffusion  in  one 
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direction  or  the  other,  and  this,  therefore,  is  the  position  tb&t  the 
photographer  natnrallj  adopts  as  his  focna.     B7  similar  triangles — 

a'6'/AB  =  FjC/FiN,  and  P,C/CN,  =  F,H/N,P. 

Therefore,  since  CN,  and  F,Ni  are  approximately  equal. 


Now  FiFa  represents  7,  the  movement  of  the  gi-oand  glass,  which  was 
the  measurement  recorded.  In  the  case  of  the  examination  for  achrom- 
atism, it  was  shown  that  it  was  unfair  to  condacb  'Caa  teat  OTi  ^ukkc 
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object  without  applying  a  correction,  so  as  to  make  the  result  eqniya- 
lent  to  an  observation  on  a  distant  object,  and  that  this  oorreotaon 
conld  be  made  by  multiplying  the  measurement  reoorded  by  ///'. 
For  the  same  reason,  aV  must  be  multiplied  hjf/f  in  this  instance 
to  obtain  the  true  value  of  a.    Thus — 

/   CCO80  /A  COS0 

/"        2        ^        \f  /20y(C,  I.  No.  of  stop)  ^' 

In  considering  the  combined  effect  of  astigmatism  and  onrvatmre 
of  the  field,  it  should  be  remembered  that  it  has  been  assumed  that 
the  photographer  would  focus  his  plate  in  the  position  PH,  as  sbown 
in  fig.  21,  and  that  the  principal  focal  surface,  PH,  was  a  plane ;  this 
is,  however,  never  the  case.  If  the  focal  surface  is  curved,  it  is  evident 
that  the  best  general  focus  is  obtained  by  observing  the  image  of  an 
object  at  a  position  about  half  way  between  P  and  C  on  fig.  21.  In 
fig.  22,  which  is  part  of  fig.  21  enlarged,  let  KL  be  the  position  of  the 
plate  when  f  ocussed  in  this  manner,  the  distance  between  EIL  and  PH 
being,  therefore,  due  to  the  curvature  of  the  field.  Through  5'  draw 
b'g  parallel  to  ¥2a  ;  then,  by  comparing  this  figure  Yrith  fig.  6,  it  will 
be  seen  that  eg  in  both  cases  represents  the  diameter  of  the  disc  of 
difiusion  due  to  the  curvature  of  the  field.  Since,  in  fig.  22,  fe  repre- 
sents the  longest  diameter  of  the  ellipse  of  diffusion  due  to  the  combined 
effects  of  curvature  and  astigmatism,  and  since  it  is  equal  to  the  sum 
of  ah'  and  ge,  the  diameters  of  discs  of  diffusion  due  to  these  two 
causes  taken  separately,  it  will  not  be  unfair  to  look  upon  the  evil  effect 
of  astigmatism  as  a  simple  addition  to  the  evil  effects  of  curvature.  In 
using  the  table  given  on  p.  427  in  the  manner  described  on  p.  443,  it 
would  therefore  be  better  if  we  subtracted  the  diameter  of  the  disc 
of  diffusion  due  to  astigmatism  from  the  diameter  of  the  maximum 
disc  of  diffusion  which  is  to  be  tolerated,  and  used  the  difference  as 
the  c  in  the  table ;  we  should  thus  get  a  more  correct  notion  of  the 
size  of  the  stop  that  could  be  used  to  obtain  any  required  standard  of 
definition.  The  objection  to  this  use  of  the  table  is  that  the  astig^- 
matism,  that  is,  the  distance  F1F2,  varies  to  a  certain  extent  with  the 
size  of  the  stop  used  during  the  observation. 

In  the  above  discussion  it  has  been  assumed  that  the  focal  lines 
are  sharply  defined.  If  this  is  not  the  case  the  reasoning  here 
given  is  defective,  because  the  distance  separating  the  focal  lines 
is  then  no  indication  of  the  amount  of  difiusion.  An  exaggerated 
idea  of  the  amount  of  diffusion  due  to  astigmatism  may  thus  be 
obtained  by  the  above  method  of  calculation,  for  the  disc  may  have 
only  half  the  diameter  thus  found.  Therefore,  unless  the  focal  lines 
are  sharp — that  is,  unless  the  image  of  a  point  appears  as  a  very 
thin  line,  first  in  one  direction  and  then  in  another — no  entry  is 
made  in  the  certificate. 
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Objections  have  been  rused  to  the  use  here  made  of  the  term 
atHgmatism,  when  it  is  intended  to  mean  the  efiect  of  spherical 
aberration  on  obliqne  rajs;  it  has  been  proposed  to  limit  the  use  of 
the  wofd  so  as  merely  to  signify  cylindricity  in  the  lenses,  sncfa  as 
might  be  produced  by  tnrniiig  them  in  a  lathe  with  elliptical  motion. 
Whatever  may  be  the  theoretical  valae  of  this  objection,  we  few  that 
the  use  of  the  term  has  been  so  thoronghly  inoorporated  into  the 
[^atographio  Tocabalary,  both  in  England  and  abroad,  that  it  would 
now  be  impossible  to  substitute  sjiother  expression  in  its  place. 

17.  Illumination  of  the  Field.     Thajigitret  indicate  th«  relative  intentity 
at  different  part$  of  the  jdate. 


With  C.I.  Stop  No.      . 

At  the  centre 100 

At  •    inches  from  the  centre 
At      inches  from  the  centre 


With  O.I.  Stop  No.      . 

Ditto 100 

Ditto 

Ditto 


The  intensity  of  illumination  of  the  field  is  always  greatest  near 
the  axis  of  the  lens,  and  falls  off  more  or  less  rapidly  towards  the 
edges  of  the  plate.  The  lens  should  therefore  be  esamiued  with  the 
riew  of  ascertaining  if  this  inequality  of  illumination  is  greater  than 
that  which  experienoe  shows  must  be  tolerated  under  given  circum- 
stances. The  apparatus  employed  for  conducting  this  test  is  shown 
in  fig.  23,  the  method  being  devised  by  Captain  Abney.    There  is  a 


fixed  lamp,  L,  the  position  of  whioh  is  not  changed  during  the  ob- 
servations ;  F  represents  a  paper  screen,  placed  in  that  position  in 
order  to  give  a  practically  uniform  source  of  light ;  0  is  the  lens, 
which  is  fixed  in  a  frame,  not  shown  in  the  sketch,  revolviag  about 
the  pivot  N  ;  by  means  of  a  snitable  adjustment,  this  axis,  X,  is  made 
to  pass  through  the  nodal  point  of  emergence  of  the  lens.     At  S  there 
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is  a  sheet  of  cardboard  with  a  small  hole  in  the  centre  at  H,  and  this 
screen,  hole  and  all,  is  covered  with  thin  white  paper 'on  the  side 
away  from  the  lens ;  the  distance  between  H  and  N  is  always  made 
eqaal  to  the  principal  focal  length  of  the  lens ;  the  bar  D  is  made 
to  casb  a  shadow  from  the  movable  lamp  M  on  the  paper  jnst  over 
the  hole  in  the  cardboard ;  thus,  in  this  shadow,  the  paper  is  illo- 
minated  entirely  by  transmitted  light  from  the  lens,  whilst  the 
paper  ronnd  it  is  illuminated  entirely  by  the  light  of  the  movable 
lamp. 

An  observation  is  made  in  the  following  manner : — The  lens  is 
first  placed  in  such  a  position  that  its  axis  passes  through  the  hole  H ; 
the  lamp  M  is  then  moved  backwards  or  forwards  until  the  trans- 
mitted illumination  of  the  paper  at  H  is  made  to  match  as  nearly  as 
possible  the  reflected  illumination  of  the  paper  round  it;  the  dis- 
tance between  S  and  M  is  then  noted.  The  lens  is  now  placed  in  the 
position  shown  in  fig.  23,  where  A.B  represents  the  length  of  the 
diagonal  of  the  plate  for  which  the  lens  is  being  examined,  and  where 
the  angle  0  is  half  the  angle  of  field  under  examination.  The 
balance  of  light  is  readjusted  by  a  movement  of  the  lamp,  and  the 
distance  MS  is  read  ofE  a  second  time.  By  finding  the  inverse  ratio 
of  the  square  of  these  two  readings,  we  thus  obtain  the  ratio  between 
the  illuminations  at  P  and  H,  the  lens  being  in  the  position  shown  in 
the  sketch,  and  the  object  being  supposed  to  be  equally  illuminated 
in  both  cases.  But  what  is  wanted  is  the  ratio  between  the  illumina- 
tions on  the  plate  at  P  and  A  ;  this  is  found  with  perfect  accuracy  by 
multiplying  the  ratio  of  the  illumination  at  P  and  H,  as  above  ob- 
tained from  the  observations,  by  cos'  0,  and  this  result  is  that  which 
is  entered  in  the  Certificate  of  Examination.  The  relative  illumina- 
tion of  the  centre  and  of  any  part  of  the  field  can,  of  course,  be  ob- 
tained in  this  manner,  in  the  above  instance  the  comer  of  the  plate 
being  the  point  chosen. 

This  test  may  with  advantage  be  made  with  the  largest  stop  sup- 
plied, and  also  with  the  stop  which  has  been  shown,  under  test  No. 
1^  to  give  good  definition  over  the  whole  plate. 

It  cannot,  however,  be  denied  that  there  are  objections  to  this 
method  of  examination.  The  fact  that  the  illumination  of  the  plate 
is  not  uniform  is  due  to  several  causes : — (1.)  The  amount  of  light 
which  passes  through  any  aperture  evidently  diminishes  with  the 
obliquity.  (2.)  With  lenses  not  free  from  distortion,  the  effective 
aperture  itself  varies  with  the  angle  of  incidence.  (3.)  The  amount 
of  reflection  from  the  surfaces  of  the  lenses,  and  consequently  the 
amount  of  transmitted  light,  varies  with  the  angle  of  incidence.  The 
method  of  observation  above  described  may  be  said  to  fully  take  into 
account  these  three  causes  of  variability  in  intensity.  Then  again 
(4)  the  light  falling  on  the  plate  varies  inversely  as  the  square  of  its 


Examination  of  Pltoiograpkic  Lenses  at  Kew,  449 

diatsnoe  from  the  nodal  point,  ajid  also  (5)  with  the  obliquity  with 
which  the  rays  strike  the  plate.  As  far  oa  these  two  latter  considerationii 
alone  are  concerned,  it  is  eTident,  therefore,  that  the  illnmioation  on 
the  plate  varies  as  the  third  power  of  the  angle  of  incidenoe,  and  also 
that  by  tnnltiplying  the  resnlt  obtained  on  the  screen  at  H  by  cos*  0 
we  obtain  (he  reqaired  result  on  the  plate  at  A.  Thna  the  record  in 
the  certificate  inolndes  all  these  first  five  caases  of  irregularity  of 
illnmination.  Bnt  there  are  other  causes  which  are  not  correctly 
represented  in  this  method  of  examination.  In  lenses  not  free  from 
distortion  the  nodal  point  of  emergence  varies  in  ponition  with  the 
angle  of  incidence,  and  as  the  pivot  N  does  not  shift  its  position 
with  reference  to  the  objective  during  the  observation,  the  condition 
of  iltnmination  of  the  photographic  plate  cannot  be  acconitoly  repre- 
sented. This  is  probably  a  trifling  canse  of  inaccuracy;  bnt  one 
somewhat  serioas  source  of  error  remains  to  be  mentioned.  The 
method  of  examination  does  allow  for  (6)  the  vs^iation  of  illumina- 
tion dae  to  the  different  amount  of  glass  through  which  the  oblique 
pencils  have  to  travel ;  bnt,  as  the  observation  is  made  by  eye,  no 
allowance  can  be  made  for  the  fact  (7)  that  the  actinic  rays  may  be 
affected  in  this  manner  out  of  all  proportion  to  the  apparent  varia- 
tions produced  in  the  visible  rays. 

The  method  of  examination  adopted  at  Kew  assumes  that  the 
light  transmitted  through  the  paper,  as  well  as  that  reflected  from 
the  paper,  varies  in  amount  with  the  intensity  of  the  incident  light. 
Captain  Abney  informs  me  that  his  experiments  prove  this  to  be  the 
case.  But  in  making  the  observation  the  eye  should  be  placed  in 
the  same  position  during  both  readings ;  for  we  have  no  reason  to 
suppose  the  transmitted  and  reflected  lights  vary  in  the  same  way 
with  the  angle  of  vision. 

It  is  impossible  to  suppose  that  the  screen  F  will  be  illuminated 
with  perfect  regularity,  even  netur  its  centre,  and  this  must  be  a 
soarce  of  error,  thongh  probably  a  negligible  one.  When  the  axis 
of  the  lens  passes  through  H  the  rays  which  are  brought  to  a  focns 
at  that  point,  will  be  parallel  to  each  other  as  they  enter  the  lens ; 
bat  when  the  axis  of  the  lens  is  inclined  this  cannot  be  the  case,  for 
H  will  no  longer  be  on  the  principal  focal  surface ;  the  screen  F 
should  therefore  be  brought  as  near  the  lens  as  possible,  as  by  that 
means  the  part  of  the  screen  from  which  the  light  <»mos  will  be 
more  nearly  identical  in  the  two  cases.  The  lamp  L  should,  moreover, 
be  placed  as  far  from  the  screen  as  practicable,  so  as  to  make  the 
illumination  as  uniform  as  possibls.  With  lenses  in  which  the  nod&l 
points  are  some  distance  apart,  the  part  of  the  screen  from  which  the 
light  comes  will  vary  considerably  with  the  inclination  of  the  axis, 
and  considerable  errors  might  be  introduced  by  uneven  illumination 
of  the  screen. 
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In  deciding  on  the  quality  of  a  lens  as  regards  the  illnznination 
of  the  field,  this  test  should  be  considered  in  connexion  with  test 
No.  10,  under  which  heading  are  given  the  angles  of  the  cones  of 
illumination.  With  regard  to  the  normal  use  of  any  lens,  except 
perhaps  such  as  are  specially  designed  for  portraiture,  certainly  the 
whole  of  the  smallest  stop,  and,  as  a  rule,  the  whole  of  the  largest 
normal  stop,  should  be  visible  from  the  whole  of  the  plate ;  for  if  the 
plate  extends  much  beyond  the  limits  of  the  inner  cone  (outside 
which  the  aperture  begins  to  be  eclipsed)  the  falling  ofE  of  density 
near  the  edges  of  the  plate  will  be  a  serious  defect  in  the  photograph. 
When  considering  the  part  of  the  field  lying  within  this  inner  cone, 
it  is  to  be  noted  that,  the  wider  the  angle  which  the  lens  covers,  the 
greater  is  the  inconvenience  caused  by  the  diminished  density  near 
the  margin  ;  if  the  stop  is  in  front  of  or  behind  all  the  lenses,  the 
intensity  of  illumination  of  different  parts  of  the  plato  can  be  shown 
in  this  case  to  vary  approximately  as  the  fourth  power  of  the  cosine 
of  the  angular  distance  from  the  axis  of  the  lens,  and  in  cases  where 
the  stop  is  between  two  lenses,  the  limits  of  variation  will  be  the 
third  and  fourth  powers  of  the  cosine  of  the  angle.  The  following 
table  is  therefore  inserted  to  g^ve  an  approximate  idea  of  the 
decrease  of  illumination  as  we  recede  from  the  axis  of  the  objective, 
the  truth  lying  theoretically  somewhere  between  the  two  limits  here 
given : — 


^. 

Cos*  ^. 

COB*^. 

0**  .... 

....   100  .... 

. . . .   100 

5   .... 

....  0-99  .... 

. . . .  0-98 

10   . . . . 

....  0-96  .... 

. . . .  0-94 

15   . . . . 

....  0-90  .... 

....  0-87 

20   . . . . 

....  0-83  .... 

. . . .  0-78 

25   . . . . 

....  0-74  .... 

. . . .  0-67 

30   . . . . 

....  0-65  .... 

. . . .  0-56 

35   . . . . 

....  0-66  .... 

. . . .  0-45 

40   .... 

....  0-45  .... 

. . . .  0-35 

45   .... 

....  0-35  .... 

. . . .  0-25 

Eminent  lens  makers  have  spoken  of  the  illumination  produced  by 
their  lenses  as  being  uniform  from  the  centre  to  the  margin,  but  our 
experience  is  that  the  decrease  is  even  more  rapid  than  here  indicated. 
The  above  table  shows  how  very  objectionable  is  the  use  of  wide 
angle  lenses,  whenever  they  can  possibly  be  avoided.  It  shows, 
moreover,  that  the  theoretical  exposure  for  different  stops  should  be 
materially  modified  according  to  the  angle  which  the  lens  covers ; 
for  instance,  taking  the  last  column  to  represent  the  truth,  it  would 
be  right,  even  though  the  stops  in  the  two  cases  had  the  same  C.I. 
number,  to  give  half  as  much  exposure  again  with  a  90°  objective  as 
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with  one  only  covering  iff,  in  order  to  get  the  same  mean  exposnre 
over  the  whole  plate. 

In  connexion  with  this  teat  it  may  he  mentioned  that  the  moet 
BerionB  onussion  in  the  Kew  examination -is,  that  there  ia  nothing  to 
show  the  actinic  traaBpareiurf  of  the  glass.  A  slight  jellow  tinge  in 
the  lenses,  which  woald  not  be  noticed  by  the  eye,  might  yet  be 
snfficient  to  seriously  affect  the  rapidity  of  the  olijeotiTe.  Bnt  no 
test  oonld  be  devised  to  investigate  this  point  which  did  not  intro- 
dnce  photographic  methods,  and,  as  already  stated,  the  consideration 
of  expense  pnt  anoh  operations  ont  of  consideration  for  the  present. 
I  shonld  like,  if  possible,  to  have  introdnoed  some  test  which  would 
have  at  the  same  time  indicated  the  actnal  rapidity  of  the  lens,  and 
also  the  actnal  falling  oS  of  density  towards  the  margin  of  the  photo- 
graph ;  with  the  aid  of  photography  this  woald  not  have  been 
difEcnlt,  and  a  plan  of  this  kind  woald  have  been  adopted,  bnt  for 
the  cost.  This  subject  is,  however,  still  under  consideration  by 
Captain  A.bney. 


January  19,  1893. 

The  LORD  KELVIN,  D.C.L.,  LL.D.,  President,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  Bakerian  Leotnre  was  delivered  as  follows : — 

Baeebian  LEOTUTtE. — "  The  Rate  of  Erploaion  in  Gases." 
By  Harold  B.  Dixojj,  M.A.,  F.R.S.,  Professor  of  Chem- 
istry in  the  Owenn  College,  Manchester.  Keceived 
July  8,  1892. 

(Abstract.) 

1.  Berthelot's  measnrements  of  the  rates  of  explosion  of  a  number 
of  gaseous  mixtures  have  been  confirmed.  The  rate  of  the  explosion 
wave  for  each  mixture  ia  constant.  It  is  independentof  the  diameter 
of  the  tabe  above  a  certain  limit. 

2.  The  rate  is  not  absolutely  independent  of  the  initial  temperature 
and  presBure  of  the  gases.  With  rise  of  temperature  the  rate  falls; 
with  rise  of  pressure  the  rate  increases ;  bnt  above  a  certain  crucial 
presfure  varintions  in  pressure  appear  to  have  no  effect.  ' 

3.  In  the  explosion  of  carbonic  oxide  and  oxygen  in  a  long  tobe, 
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the  presence  of  steam  has  a  marked  effect  on  the  rate.  From 
measurements  of  the  rate  of  explosion  with  different  quantities  of 
steam,  the  conclusion  is  drawn  that  at  the  high  temperatnre  of  the 
explosion  wave,  as  well  as  in  ordinary  combastion,  the  oxidation 
of  the  carbonic  oxide  is  effected  hj  the  interaction  of  the  steam. 

4.  Inert  gases  are  found  to  retard  the  explosion  wave  according  to 
their  volame  and  density.  Within  wide  limits  an  excess  of  one  of 
the  combustible  gases  has  the  same  retarding  effect  as  an  inert 
gas  (of  the  same  volume  and  density)  which  can  take  no  part  in  the 
reaction. 

5.  Measurements  of  the  rate  of  explosion  can  be  employed  for 
determining  the  coarse  of  some  chemical  changes. 

In  the  explosion  of  a  volatile  carbon  compound  with  oxygen,  the 
g^aseous  carbon  appears  to  bum  first  to  carbonic  oxide,  and  afterwards, 
if  oxygen  is  present  in  excess,  the  carbonic  oxide  first  formed  bams 
to  carbonic  acid. 

6.  The  theory  proposed  by  Berthelot — that  in  the  explosion  wave 
the  flame  travels  at  the  mean  velocity  of  the  products  of  combustion 
— although  in  agi*eement  with  the  rates  observed  in  a  certain  number 
of  cases,  does  not  account  for  the  velocities  foand  in  other  gaseous 
mixtures. 

7.  It  seems  probable  that  in  the  explosion  wave — 

(1)  The  gases  are  heated  at  constant  volume,  and  not  at  canst€mi 

pressure  ; 

(2)  Each   layer  of  gas  is  raised  in   temperature    before   being 

burnt ; 

(3)  The  wave  is  propagated  not  only  by  the  movements  of  the 

burnt  molecales,  but  also  by  those  of  the  heated  but  jet 
unbumt  molecales  ; 

(4)  When  the  permanent  volume  of  the  gases  is  changed  in  the 

chemical  reaction,  an  alteration  of  temperature  is  thereby 
caused  which  affects  the  velocity  of  the  wave. 

8.  In  a  gas,  of  the  mean  density  and  temperature  calculated  on 
these  assumptions,  a  sound  wave  would  travel  at  a  velocity  which 
nearly  agrees  with  the  observed  rate  of  explosion  in  those  cases 
where  the  products  of  combastion  are  perfect  gases. 

9.  With  mixtures  in  which  steam  is  formed,  the  rate  of  explosion 
falls  below  the  calculated  rate  of  the  sound  wave.  But  when  such 
mixtures  are  largely  diluted  with  an  inei*t  gas,  the  calculated  and 
found  velocities  coincide.  It  seems  reasonable  to  suppose  that  at 
the  higher  temperatures  the  lowering  of  the  rate  of  explosion  is 
brought  about  by  the  dissociation  of  the  steam,  or  by  an  increase  in 
its  specific  heat,  or  by  both  these  causes. 

10.  The  propagation  of  the  explosion  wave  in  gases  must  be  ac« 
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companied  by  a  veiy  high  preBsare  laeting  for  a  very  short  time. 
The  experimenta  of  MM.  Mallard  and  Le  Chatelier,  as  well  an  the 
author's,  show  the  presence  of  these  fngitire  pressures.  It  is  possible 
that  data  for  oalcnlating  the  presanres  produced  may  be  derived  from 
a  knowledge  of  the  densities  of  the  nabamt  gases  and  of  their  rates 
of  explosion. 


PTMsnts.  January  19, 1893. 
Tranaaddnns. 

Baltimore: — Johns  Hopkins  University.  Circular.  Yol.  XIL 
No.  101.     4to.     BaUimore  1892.  The  Univeraity. 

Belgrade : — Eoyal  Serriaji  Academy.  Olsa.  Nob.  Sl-35.  8vo. 
Beograd  1892;  Spomenik.  Nos.  11,  15-18.  4to.  Beograd 
1892.  The  Academy. 

Berkeley : — TTmrersity  of  California.  Memorial  of  the  Character 
and  Services  of  John  Le  Conte.    4to.     [B^heleyl  1892. 

The  Univfirsity. 

Berlin : — Gesellschaft  fur  Erdknnde.     Yerhandliuigen.     Bd.  XIX. 

TTo.  8.    8vo.    Berlin  1892.  The  Society, 

Boston : — American  Academy  of  Arts  and  Scienoea.     Proceedings. 

Vol.  XYIII.     8vo.     BoOon  1891 ;  Memorial  of  Joseph  Love- 

riDg  [Obituary  Notice] .     8vo.     Camhridge  1892. 

The  Academy. 
New  England  Historio  Oeoealogical  Society.    Bolls  of  Memb«^ 
ship,  1844^1891.    870.    Botton  1892.  The  Society. 

Breslan :— Schlesische  Gtesellschaft  fur  Taterlandische  Cultnr. 
Jahreabericht.  1891.  8vo.  Breilan  1892;  Brgansungaheft 
Heft  1.     8ro.     Bretiau  1892.  The  Society, 

Brighton  : — Brighton  and  Suaaez  Natural  History  and  Philosophi- 
cal Society.  Abstracts  of  Papers  read,  and  Annual  Report, 
year  euding  June  8th,  1892.     8vo.     Brighton. 

The  Society. 

Brisbane: — Qnoensland  Museum.    Annals.    No.  2.    8vo.    Brisbane 

1892.  The  Museum. 

Boyal  Geographical  Society  of  Australasia,  Qaeensland  Branch. 

Proceedings  and  Transactions.      Vol.  VII.     Part  2.     8vo. 

Britbane  1892.  The  Society. 

Brussels : — AcadSmie  Koyale  de  M4decine  de  Belgiqne.     Memoires 

Couronn^s  et  Autres  Memoires.     Tome  XI.     Fasc.  5.     8to. 

BruxeUes  1892.  The  Academy. 

Bucharest; — SocietHtii   de    Sciin|e  Fizioe.       Buletinul.      Anul   L 

Nos.  5-8.    8vo.    BtKuresci  1892.  The  Society- 

BnitenEorg: — 's  Lands  Plantentuin  te  Boitenzorg,    1817—1892. 

8to.     Batavia  1892.  The  Director. 
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Transactions  {continued). 

Cape  Town : — Sonth  African  Philosopliical  Society.    Transactiona. 
Vol.  VI.    Parts  1-2.    8vo.     Cofpe  Town  1890,  1892. 

The  Society. 
Carlsrahe : — Technisohe  Hochscliule.     Festgabe  zum  Jnbilaum.  der 
Vierzigjahrigen  Begierung   Seiner  Konigliclien    Hoheit   dea- 
Orosslierzogs  Friedrich  von  Baden.    4to.     KarUruhe  1892. 

The  School. 
Copenhagen  : — Kongeh'ge  Danske  Videnskabemes  Selskab.     Foiv 
tegnelse  i  Tidsmmmet  1742—1891.     8vo.     Kj^benhavn  1892. 

The  Sooietj. 
Cracow : — ^Acad^mie  des  Sciences.     Gomptes  Bendas  des  Stances. 
Octobre,  1892.     8yo.     Gracovie,  The  Academy. 

Devonshire: — Devonshire    Association    for  the  Advancement   of 
Science,  Literature,  and  Art.     Beport  and  Transactions.     VoL 
XXrV.     8vo.    Plymotdh  1892;    The  Devonshire  Domesday. 
Part  IX.     8vo.    PZytnou^^  1892.  The  Association. 

Dublin : — Boyal  Irish  Academy.  Transactions.    Vol.  XXX.    Parts- 
1-2.     4to.     Dublin  1892.  The  Academy. 

Emden : — Naturforschende  Gesellschaft.  Verzeichniss  der  BUcher 
nnd  Schriften.     8vo.     Ernden  1892.  The  Society. 

Essex  Field  Club :— The  Essex  Naturalist.  Vol.  VI.  No.  10.  8vo. 
Buckhurst  Hill  1892.  The  Club. 

Frankf ort-on-Oder  : — Naturwissenschaftlicher  Verein.  Helios.- 
Monatliche  Mittheilungen  aus  dem  Oesammtgebiete  der  Natur- 
wissenschaften.  Jahrg.  9.  Nr.  11.  Jahrg.  10.  Nr.  1-4.  8vo. 
Frankfort  a,0, 1892 ;  Societatum  Litterse.  Jahrg.  6.  Nos.  1-8. 
8vo.     Frankfort  a.O.  1892.  The  Society. 

Halifax : — Nova  Scotian  Institute  of  Natural  Science.  Proceedings 
and  Transactions.  Vol.  III.  Parts  1,  3-4.  8vo.  Halifax 
1872-74.  The  Institute. 

Helsingfors : — Finska  Vetenskaps-Societet.  Acta.  Tomus  XVIII. 
4to.  HeUingforsioB  1891;  Ofversigt.  1890-91.  8vo.  HeU 
singfors  1891.  The  Society. 

Sallskapet  for  Finlands  Oeografi.     Fennia.     No.  5.     8vo.     Hel- 
singfors 1892.  The  Society. 
Hertfordshire  Natural  History  Society  and  Field  Club.     Transac- 
tions.     Vol.   VI.      Parts  8-9.      Vol.  VII.      Part   2.      8vo. 
Londofi  1892.  The  Society. 
Innsbruck  : — Ferdinandeum.     Zeitschrift.      Folge  III.      Heft  36. 
8vo.     Innsbruck  1892.                          •            The  Ferdinandeum. 
Kazan  : — Imperial  University.     Scientific  Notes  [Russian^.     1892. 
Nos.  4-5.     8vo.     Kazan.     With  Three  Theses.     8vo.     1892. 

The  University^ 
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TranBoctioDS  (continued). 
-Eew: — Boyal  Gardens.      Bulletin  of  HiscelUneonB  Informatioi . 
No.  72.    Sto.    LtmSm  1892.  The  Directoi  - 

Leipsic : — Konigl.  Saoh.  Oeselhchaft  der  Wisaenschaften.    Berichtc 
(Philol.-Hiat.  CIiwbb).     1892.     Nos.  1-2.     8vo.     Leipzig. 

The  Society. 

Ixindon : — Britisli  MaBesm.     Catalogae  of  Printed  Books.     Moss 

Gatherers — Mueglin  ;  Mahammad — Miirdtttr  ;   Mare — Mzhed- 

lov ;  lTapoles~Xe4ch.     4to.     London  1892.  The  TruateeB. 

OdoDtotogical  Society  of  Great  Britain.     Transactions.    Vol. 

XXV.     No.  1.    8to.    L(mdonlS92.  The  Society. 

Pathological  Society.     Transactions.    Vol.  XLIII.   8vo.  London 

1892.  The  Society. 

Fhotogmphic  Society.      Joomal  and  Transactions.     Vol.  XV IL 

No.  2.     8to.     London  1892.  The  Society. 

Society  of  Biblical  Atohseology.    Proceedings.    Vol.  XV.    Part  1. 

8to.     Londoti  1892.  The  Sooietf. 

Manchester: — Geological    Society.       TransactionB.      Vol.    XJt.ll. 

Part  2.     8vo.     ManJtester  1892.  The  Society. 

Moscow : — Association  Rosso  pour   rAvanoement   des    Sciences 

Physico-ChimiqneB,  Natnrelles  et  Biologiqnes.     Bapport  anx 

Ggngr^s  Intemationanz  do  Moscon  par  Anatole  Bogd&nov.   4to. 

Mogcou  1892 ;  Qnelle  est  la  PIub  Ancienne  Race  de  la  Rnssie 

Centrale  ?    Par  A.  Bi^danoT.    8vo.     [Moicow  l«92.] 

Prof.  BogdanoT. 

Congrds  International  d'Aroh^logie  Prehietorique  et  d'Anthro- 

pologie.     Session  k  Moscon,  1892.      Tome  I.      8vo.     Moteon 

1892.  The  Congress. 

Congres  International  de  Zoologie.    Denxi^me  Session,  &  Mosoo a. 

Partie  1.    8vo.    Moseou  1892.  The  CongresB. 

Monich  : — K.B.  Akademie  der  Wissensohaften.     Sitznngsberichte 

(Phi]o8..Philol.-Hist.ClaB8e).  1892.   Heft  1-2.   8vo.  MUttcheH. 

The  AccMlemy. 

■New  Tort ; — American   MnsBTim   of  Natural  History.     Bulletin. 

Pp.  65-192.     870.     [New  York  1892]  ;  Annoal  Report.     1891 

870.     New  York  1892.  The  Museum. 

Odessa : — Soci^t^  des  Naturalistes  de  la  Nonvelle-Rossie.    M^oires 

[Bfiwion].      Tome  XVII.      Partie   1.      8to.      Odessa    1892; 

M4moires  (Section  Math4matiqne).    Tome  XIV.    8vo.    Odesta 

1892.  The  Society. 

Paris: — ficole  Normale  Sap^rieute.      AnnaleB.     Tome  IX.     Nos. 

9-10.     4to.     Parts  1892.  The  School. 

Societ4  Math^matiqne  de  France.    Bulletin.     Tome  XX.    No.  3. 

8vo.     Paris  [1892].  The  Society. 

Prague: — Gesellsohaft    znr  Fordemng    Deutscher    Wissenschaft, 
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Transactions  (continued). 

Kanst   and  Literatnr    in   BOhmen.      Bechenschafts-Bericht. 

8vo.     Prag  1892;    Statuten.     8vo.      Prag  1891;    Geschichte 

der  Bildenden  Kanst  in  Bohmen.     Bd.  I.     8vo.     Prag  1893 ; 

Mittheilangen  der  Dcatscben  mathematischen  Gesellsohaft  in 

Prag.     8vo.     Prag  1892.  The  Society. 

Borne  : — Accademia  Pontificia  de*  ^aovi  Lincei.     Atti.     Gingno — 

Dicembre,  1891.  Gennaio,  1892.  4to.  Roma,        The  Academy^ 
t.  Lonis : — ^Academy  of  Science.     Transactions.     Vol.  V.     Nos. 

3-4.     8vo.     S^.Xonw  1892.  The  Academy. 

St.   Petersbarg: — ^Academic  Imp^riale   des    Sciences.     M^moires. 

Tome  XXXVIII.     Nos.  9-11.    4to.     St.  Petershaurg  1892. 

The  Academy. 
Gomit^  G^logiqne.     Balletin.     Tome  IX.    Nos.  9-10.    Tome  X. 

Nos.  1-9,  and  Supplement.     Tome  XI.     Nos.  1-4.     8vo.     8t. 

PStershourg  1891-92 ;  M^moires.    Tome  XIII.    Nos.  1-2.    4to. 

St.  Petersbourg  1892.  The  Comite. 

Santiago : — Societe    Scientifique    da    Chili.      Actes.      Tome    II. 

Livr.  1.     8vo.     Santiago  1892.  The  Society. 

Siena : — R.  Accademia  dei  Fisiocritici.     Atti.     Ser.  4.     Vol.  IV. 

Fasc.  6-8.     8vo.     Siena  1892.  The  Academy. 

Stavanger: — ^Mnsenm.     Aarsberetning.      1891.     8yo.      Stavanger 

1892.  The  Moseam. 

Stockholm  : — Kongl.  Svenska  Vetenskaps-Akademie.      Ofversigt. 

Arg.  49.     Nos.  5-8.     8vo.     Stockholm  1892.     Bihang.     Afdel- 

ning  1.     Bd.  XV-XVI.     8vo.     Stockholm  1890-91 ;   Afd.  2. 

Bd.XV-XVL  8vo.  Stockholm  1890-91;  Afd.  3.  Bd.  XV-XVI. 

8vo.      Stockholm  1890-91;    Afd.   4.      Bd.   XV-XVI.      8vo. 

Stockholm  1890-91 ;    Handlingar.      Bd.  XXII-XXIII.      4to. 

Stockholm  [1886-91]  ;  Lefnadsteckningar.     Bd.  III.     Hafte  1. 

8vo.      S^oc^^^  1891.  The  Academy. 

Sydney : — Linnean  Society  of  New  Soath  Wales.     Proceedings. 

Series  2.     Vol.  VII.     Part  1.     8vo.     Sydney  1892. 

The  Society. 
Tokio : — Imperial  University.  Mittheilangen  aas  der  Medicinischen 

Facaltat.  Bd.  I.  No.  5.  4to.  Tokio  1892.  The  University. 

Imperial  University.     College  of  Science.      Joamal.     Vol.  V. 

Part  2.     4to.     Tokyo  1892.  The  College. 

Ti-omsoe : — Maseam.     Aarshefter.     1891.     8vo.     Trom^0. 

The  Maseam. 
Upsala: — Universitet.     Arsskiift.     1891.     8vo.     Upsala.     With  a 

namber  of  Theses.  The  University. 

Utrecht : — ^Nederlandsch   Gasthais   voor    Ooglijders.      Jaarlijksch 

Verslag.     Nos.  28-33.     8vo.     Utrecht  [1891-92]. 

The  Hospital, 
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TransaotioDB  (eontimttd). 

Teiiice : — letitato  Veneto  di  Scienze,  Lettere  ed  Arti.  Atti. 
Serie  7.  Tomo  II.  Disp.  10.  8to.  Venetia  1890-91 ; 
Tomo  III.  Disp.  1-3.  8vo.  Vsnexia  1891-92;  Memorie. 
Tomo  XXIV.     4to.     Yenezia  1891.  The  Institute. 

Vienna  : — ^Anthropologiaohe  GeBellflchaft.  Mittheiloogen.  Bd. 
XXII.     Hefta-4.     4to.     TFten  1892.  The  Society. 

K.  Akademieder  Wissenschaften.    Anzeiger.    1892.   Nob.  14-25. 
8vo.     Wi«n.  The  Academy. 

E.K.  Oeologische  BeichsanBtalt.      Abhandlangen.     Bd.  XVII. 
Heft  1-2.    4to.     Wxea  1892;   Jahrbnch.     1892.     Heft  1-3. 
8to.     Wteti;  Verhandlnngen.    1892,    Kob.  6-10.    8vo.    Wien. 
The  Institnte. 
Washington  : — SmithBonian  Inatitntion.     Contribntions  to  Enow- 
ledge.     Vol.  XXVIII.     4to.     WathingUm  1892. 

The  Institution. 
U.S.  Department  of  Agricaltnre.     Experiment  Station  Record. 
Vol.  IV.     Nob.  1-2.     8vo.      Wtukingtim  1892. 

The  Department. 

U.S.  National  Mnsenm.    Bulletin.    No.  39.    Parts  G-F.    8to. 

Wathington  1892;    Proceedings.     Vol.  XV.     Ifos.  889-907, 

910-915.      8to.       WtuhingUm    1892 ;     Report.      1890.      Pp. 

253-680.    8vo.     >F<«A»nyton  1892.  The  Mnsenm. 


Observations  and  Repoi-ts. 

Adelaide : — Public  Library,  Unseum,  and  Art  Gallery  of  South 

Australia.     Reports  of  the  Standing  Committees.     1891-92. 

Folio.     Adelaide.  The  Director. 

Bombay  : — Government    ObBervatory,    Gol^ba.       Report.       1892. 

Folio.     [Bombay.']  The  ObBervatory. 

Brisbane  : — Registrar- General's  Office.     Statistics  of  the  Colony  of 

Queensland.     1891.     Folio.     Brithane  1892. 

The  Registrar- General. 
Cadiz: — Institute   y   Observatorio   de  Marina  de   San  Fernando. 

Anales.      Obeervacionea  Meteoroldgicas  y  H^n^ticas.      Auo 

1891.     Folio.     San  Fernando  1892.  The  Observatory. 

Calcutta: — Meteorological     Department,    Government    of     India. 

Report  on  the  Meteorology  of  India  in  1890.     4to.     Calcutta 

1892;    Monthly  Weather    Review.     February  to  May,  1892. 

4to.     Calcutta  i  Meteorological  ObBerrations  at  Seven  Stations 

in  India.     Febmary  to  May,  1892.     4to.     [Oalcutia.'] 

The  Department. 
Dorpat: — Stemwarte.     Meteorologische  Beobachtungen.     Bd,  VI. 

Heft  1.    8vo.    Dorpat  1892 ;  Bericht  viber  die  Ergebnisso  der 
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Observations,  <&c.  {continued). 

Beobaohtniigeii    an    den     Begenstationen.       1890-91.       4to. 
Borpat  1892.  The  Observatory. 

Edinburgb: — Royal  Observatory.  Circular.  Nos.  36-86.  4to 
[Sheet].     1892.  The  Obeervatory. 

Geneva : — Observatoire.  B&ium6  M^t^rologiqne  de  VAnn^  1891 
ponr  Geneve  et  le  Grand  Saint- Bernard.     8yo.     Oeneve  1892. 

The  Obseryatory. 
India : — Geological  Survey  of  India.  Contents  and  Index  of  the 
First  Twenty  Volumes  of  the  Memoirs.  1869—1883.  8vo. 
OalcuUa  1892 ;  Index  to  the  Genera  and  Species  described  in 
the  PalsBontologia  Indica  up  to  the  year  1891.  4to.  Calcutta 
1892.  The  Survey. 

Great  Trigonometrical  Survey  of  India.     Synopsis  of  the  Results 
of  Operations.     Vols.  XXV-XXVI.     4to.     DeAra  I>ttn  1892. 

The  Survey. 

Indian  Ports,   Tide   Tables  for  the,  for  1893.      12mo.      Londath 

[1892].  The  India  OflBce. 

Java: — Die  Triangulation  von  Java.     Ausgefiihrt  vom  Personal 

des  Geographischen   Dienstes  in  Niederlandisch  Ost-Indien. 

Abth.  3.     4to.     Haag  1891. 

The  Netherlands  Government. 
Kiel: — Ministerial-Commission  zur  Untersuchung  der  Deutschen 
Meere.     Ergebnisse  der  Beobachtungsstationen.     Jahrg.  1891. 
Heft  4-9.     Obi.  4to.     Berlin  1892.  The  Commission. 

London  : — ^Meteorological  Ofl&ce.  Weekly  Weather  Report.  Vol. 
IX.  Nos.  25-49.  4to.  London  1892 ;  Quarterly  Summary  of 
Weekly  Weather  Report,  April  to  September,  1892.  4to. 
London.  The  Office. 

Navy  Medical  Department.      Statistical  Report.      1891.      8vo. 
London  [1892].  The  Department. 

Mauritius: — Royal  Alfred  Observatory.  Annual  Reports.  1889, 
1890.  Folio.  \_Mauritiu8'\  ;  Mauritius  Meteorological  Obser- 
vations.    1890,  1891.     Folio.     IMauritius.l 

The  Observatory. 

Melbourne : — Department  of  Mines.    Annual  Report.    1891.    Folio. 

Melbourne  [1892] ;  With  Two  Special  Reports.     Folio.     MeU 

bourne  [1892].  The  Department. 

Observatory.     Monthly  Record.     January  to  April,  1892.     8vo. 

Melbourne,  The  Observatory. 

Public   Library,   Museums,  and  National    Gullery  of  Victoria. 

Report.     1891.     8vo.     Melbourne  1S92.  The  Trustees. 

Mexico : — Observatorio  Meteorologico-Magn^tico  Central.     Boletin 

Mensual.     Tomo  III.     Niim.  4.     Folio.     Mexico  1892. 

The  Observatory. 
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Observations,  &c.  (continited'). 

Montreal : — Oeolo^cal  and  yatnnil   History  Snrrey  of   Canada. 

Catalogs  of  Canadian  Plants.     Part  6.     8to.     Montreal  1892. 

The  Survey, 

JTew  Haven :— Tale  ObBervatory.     Report.     1891-92.    8vo.     INeut 

Haven.']  The  Obeervatory. 

New  Zealand : — Colonial  Uoseam  and  Geological  Survey.    Reports 

of  Geological  Explorations.     1890-91.     8vo.     New  Zealand ; 

Twenty-Sixth  Annoal  Report  on  the  Colonial  Unseam  and 

Laboratory.     Svo.     Nea  Zealand  1892.  The  Director. 

BegiBtrar-Geneml's  Office.     Kew  Zealand  Official  Handbook  for 

1892.     8vo.     Wellington.  The  B^istrar-Gsneral. 

Nowoaatle-npon-Tyne ;— Public  Library.     Reports.     1889—1892. 

8vo.     Newcastle.  The  Library. 

Niagara: — Eighth  Annual  Report  of  the   CommisBionera   of   the 

State  Reservation  at  Niagara.     1890-91.    8vo.    Aliany  1692. 

The  CommiflBioners. 

Oxford: — RadclifFe  ObBervatory.     Besnlts  of  ABtronomical  and 

Ueteorological    Observations.      1887.      Sva      Oxford    1891 ; 

Researches  in  Stellar  Parallax.     Part  2.     8vo.    Orford  1892. 

The  Observatory. 

Paris : — Bureau  dee  LoDgitades.    Annoaire.    1892.    12mo.    Paru; 

Connaissance  des  Temps  pour  i'An  1894.     8vo.     Part*  1891 1 

Extrait  k  rUsage  des  'Scoles  d'Hjdrographie  et  des  Marins 

du  Commerce  pour  I'An  1893.     8vo.     Parii  1891 ;    fiph4m4- 

rides  des  EfoUes  de  Cnlmination  Lunatre  et  de  Longitude  pour 

1892.      4to.      Pans   1891;    Rapport    but    les    Observatoires 

ABtronomiques  de  Province.     8vo.'    Paris  1891. 

The  Observatory. 
Comit4   International  des   Poids  et  Kesnres.    Proc^Verbanx 
des  S4ance8  de  1891.     8vo.     Paris  1892.  The  Committee. 

Conservatoire  des  Arts  et  Metiers,     ^nnales.      Ser.  2.     Tome 
I-III.     8vo.     Pans  1889-91.  The  Director. 

Port  Elizabeth: — Chamber  of  Commerce.    Twenty-Seventh  Annnal 
Report.     8vo.     Port  Elizabeth  1892.  The  Chamber. 

Sydney: — Australian  Museum,      Report.      1891.     Folio.     Sydney 
1892 ;  Catalogue  of  the  Marine  Shells  of  Australia  and  Tas- 
mania.    Fart  2.     8vo.     Sydney  1892.  The  Mnseum. 
Commissioners   of  Fisheries.      Report.      1891.     Folio.     Sydney 
1892.                                                                    The  Commissioners. 
Department  of  Agricultnre,  New  South  Wales.     Report.     1891. 
Folio.     Sydney  1892.                                            The  Department. 
Department  of    Mines    and    Agriculture,   New    South    Wales. 
Annual  Report.     1891.     FoUo.     Sydney  1892. 

The  Department. 
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Observations,  &o,  (continued). 

Observatory.  Meteorological  Observations,  Jannary  to  Jane, 
1892.  8vo.  [Sydney']  ;  Results  of  Meteorological  Observa- 
tions made  in  New  South  Wales,  1880-84.  Ditto,  1889.  8vo. 
Sydney  1891-92;  Description  of  the  Star  Camera.  4to. 
Sydney  1892 ;  Results  of  Rain,  River,  and  Evaporation  Obser- 
vations made  in  New  South  Wales  during  1890.  8vo.  Sydney 
1892.  The  Observatory. 

Vienna: — v.   Kuffner'sche   Stemwarte.      Publicationen.     Bd.    II. 
4to.     Wien  1892.  The  Observatory. 

Washington: — Bureau  of  Navigation.     American  Ephemeris  and 
Nautical  Almanac  for  1895.     8vo.     Washington  1892. 

The  Bureau. 

U.S.   Fish   Commission.      Bulletin.      1889.     4to.      Washington 

1891.  The  Commission. 

U.S.   Naval  Observatory.      Report.     1891.     8vo.     Washington 

1891.  The  Observatory. 

Windsor,  N.S.W. : — Windsor  Observatory.      Report.     1891.     8vo. 

Sydney  1892.  Mr.  Tebbatt. 


Bronze  medal  commemorative  of   John  E.  Qray,  F.R.S.,  and  Mrs. 
Gray  (busts  conjoined).  Mr.  W.  T.  Thiselton  Dyer,  P.R.S. 
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January  26,  1893. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Vice-President  and 
Treasurer,  in  the  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  followiug  Papers  were  read : — 

I.  "  On  the  Physiology  of  the  Embryonic  Heart  (Preliminary 
Communication),"  Ry  J.  W.  Pickering,  B.Sc.,  AsBisiant 
Demonstrator  in  Biology  at  St.  Bartholomew's  Medical 
School.  CoEMnunicated  by  Professor  Haluburtok,  F.R.S. 
Received  November  25,  1892. 
(From  the  Physiological  Laboratory  of  King's  College,  London.) 

The  oliject  of  the  following  ezperimentB  has  been  to  stndy  the  effect 
of  vailing  conditions  on  the  heart  previoiu  to  the  development  of 
a  nerroDS  mecbanism,  and  thas  to  throw  some  light  on  the  discussion 
as  to  the  relative  importance  of  the  two  factors  in  the  heart's  action, 
viz.,  the  contractile  tissne  and  the  nervous  elements.  The  heart  I 
have  Qsed  ia  that  of  the  chick*  at  a  period  of  inoubatiou  of  seventy-two 
hours  at  a  temperatore  of  38°  C.  In  some  cases  the  embryos  have 
been  a  fen  honrs  older  or  younger.  The  embiyo  is  not  removed  from 
the  egg,  but  a  window  is  cnt  3  cm.  square  through  the  shell  and 
lihell  membrane,  exposing  the  albumen  and  blastoderm,  which  remain 
undisturbed ;  the  egg  and  embryo  is  fixed  in  a  small  chamber  sur- 
rounded on  five  sides  by  a  water-jacket.  The  uppermost  side  is 
covered  with  glass,  while  the  air  of  the  chamber  is  kept  moist  by  the 
evaporation  of  water  from  a  small  bowl  placed  inside  it.  The  tem- 
perature of  this  chamber  can  be  kept  constant  or  varied  at  pleasure. 
My  experiments  have  fallen  under  three  main  heads  :  1.  The  results 
of  varying  the  temperature.  2.  The  introduction  of  drugs.  3.  Elec- 
trical stimulation.  In  my  fall  paper  the  results  will  be  shown  in 
tables  giving  the  number  of  heart  beats  per  minute,  the  peculiarities 
in  the  beat,  when  such  exist,  being  duly  noted.  At  present,  however^ 
1  am  only  prepared  to  give  an  abstract  of  the  results  obtained,  in  so- 
far  as  temperatnre  and  drugs  are  conoemed.  The  electrical  experi- 
ments are  not  yet  completi^iL 

*  Obeertationi  ue  being  carried  on  upon  the  mammalisn  embryo  t*  tita. 
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1.  Temperature, 

Each  embryo  has  an  individnal  rhythm  of  its  own,  which,  if  the 
conditions  are  constant,  remains  unaltered,  but  different  embryos, 
even  of  the  same  age,  may  have  different  rhythms,  so  that  it  is  neces- 
sary  to  deteimine  for  each  embryo  its  normal  rhythm  before  varia- 
tions can  be  studied.  An  embryo's  heart,  aged  seventy- two  honrs,  at  a 
temperature  of  31°  C,  was  beating  with  a  regular  rhythm  of  84  per 
minute.  The  temperature  of  the  air  of  the  chamber  was  rapidly 
raised  to  42**  C,  when  the  rhythm  rose  to  91  per  minute.  A  further 
Hne  to  50°  C.  increased  the  rhythm  to  128,  it  still  remaining  regular. 
The  temperature  was  then  rapidly  lowered  to  26**  C,  when  the  rhythm 
fell  to  114  per  minute.  A  further  fall  to  16°  C.  reduced  the  rhythm 
to  34  per  minute.  The  temperature  was  then  raised  to  46^  C,  when 
the  rhythm  rose  to  117°  per  minute.  On  again  letting  the  tempera- 
ture fall  to  25°  C,  the  rhythm  fell  to  36°  per  minute. 

The  above  experiment,  taken  as  an  instance  from  several,  shows 
that,  other  factors  being  constant,  the  rhythm  of  thn  embryonic  heart 
varies  dii'ectly  with  the  temperature  of  the  surrounding  medium. 

Extremes  of  temperature  stop  the  heart ;  thus  exposure  to  a  tem- 
perature of  10°  C.  causes  the  beats  to  become  weaker  and  slower, 
and  finally  to  stop  in  diastole.  If  the  air  of  the  incubator  be  raised 
above  50°  C,  the  beats  become  so  rapid  as  to  be  uncountable.  Thej 
are  feeble,  and  the  heart  is  pale,  due  to  the  passage  of  less  blood 
through  it  than  in  the  normal  state.  Violent  systolic  spasms  alternate 
with  periods  of  quiescence.  It  stops  in  an  expanded  condition  when 
the  surrounding  temperature  is  about  55°  C.  Lowering  the  tem- 
perature restores  the  beating,  but  the  heart  is  enfeebled.  If  the 
temperature  is  raised  much  above  this  limit  the  heart  is  killed. 
Mechanical  stimulation  of  the  heart  'in  standstill,  due  to  either 
extreme  of  temperature,  if  applied  at  the  ventiicular  end,  gives  rise 
to  one  or  more  waves  of  contraction,  commencing  from  the  auricular 
end,  and  showing  the  direct  conduction  through  the  fibres  of  the 
heart.  The  heart  will  i^espond  to  auricular  stimulation  when  irre- 
sponsive to  ventricular  stimulation.  Small  variations  of  temperature, 
such  as  one  or  two  degrees,  occurring  over  a  long  period  of  time,  as 
in  an  hour,  do  not  affect  the  rhythm. 

2.  The  Introduction  of  Drugs. 

The  drugs  employed  were  applied  directly  to  the  heart  substance 
at  the  temperature  of  the  embryo,  and  dissolved  in  normal  saline 
(0*65  per  cent,  sodium  chloride)  solution. 

a.  Caffeine. — An  embryo,  aged  sixty-eight  hours,  at  33°  C.  had  a 
rhythm  of  88  per  minute.  To  its  heart  0*00015  gram*  of  caffeine  was 

*  All  weights  of  drugs  used  are  expressed  in  grams. 
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odminiatered,  and  in  two  minates  the  rhythm  rose  to  100  per  minote, 
and  remained  conBtant  for  two  and  a  half  minates,  when  it  fell  to  96 
per  minnte.  A  second  dose  of  0'C)0015  gram  raised  the  rate  to  102' 
per  minute.  The  beats  were  also  of  greater  force,  since  more  blood 
was  seen  passing  through  the  heart  A  dose  of  0*0025  gram  was 
fatal.  When  given  to  an  embryo,  aged  seventy-five  hours,  at  37°  C, 
beating  with  a  rhythm  of  116  per  minute,  it  reduced  the  rhythm, 
after  one  minnte's  action,  to  100  per  minnte.  The  beats,  howeverr 
remained  very  strong.  After  one  minnte  forty-five  seconds'  action 
the  heart  stopped  in  strong  systole,  bat  started  again  and  gave  a  few 
IMwerfnl  beats.  After  the  drug  had  acted  nice  minntes  thirty  seconds 
the  heart  stopped  permanently  in  powerful  contraclion.  Caffeine, 
therefore,  acts  directly  on  the  cells  of  the  embiyonic  heart. 

h.  Strychnine  was  given  to  a  seventy  bonrs'  embryo  in  a  Anne  of 
0*000017  gram,  and  depressed  the  rhythm  of  the  heart  &om  112  per 
minnte  to  52  per  minnte.  There  was  no  spasm.  In  an  eigh^  hour 
embryo,  at  39°  C,  a  dose  of  000002  gram  temporarily  increased  the 
rhythm,  both  in  force  and  nnmber  of  beats ;  then  the  systole  rapidly 
became  weakened  and  the  rhythm  irregular.  A  further  dose  of 
0*00002  gram  still  more  rapidly  reduced  both  force  and  frequency  of 
beating,  till  death  in  diastole  occurred. 

c.  Morphine  acetate,  if  given  in  doses  of  0*0001  gram,  is  a  powerful 
depressant.  With  a  dose  of  0*0002  gram,  after  one  minnte's  action 
on  an  eighty>five  bonra'  embryo  at  4A°  G.,  irregnlarities  and  slowing 
wore  obtained ;  after  two  minutes'  action  the  beating  stopped,  but 
went  on  again,  the  waves  of  contraction  sometimes  passing  &om 
ventricle  to  auricle,  and  at  others  in  the  normal  direction.  Periods 
of  rest  alternated  with  violent  bouts  of  rapid  beating. 

d.  Veratrine. — Doses  of  00001  gram  increase  the  number  of  beats 
per  minute.  Larger  doses  may  cause,  temporarily,  an  increase  of 
rhythm,  but  soon  depress  the  heart  by  greatly  lengthening  the 
systole,  which  becomes  very  weak  while  the  diastole  is  complete. 
The  heart  stops  in  an  expanded  condition.  The  heart  of  a  seventy-two 
hours'  embryo  that  bad  stopped  in  diastole,  after  a  dose  of  O'OOOo  gram, 
was  restored  by  the  application  of  001  gram  of  potassium  chloride 
almost  to  its  normal  rhythm.  This  agrees  with  Ringer's  observation 
on  the  frog's  heart. 

e.  Fotaentim  chloride,  when  applied  in  a  dose  of  0*005  gram  to  an 
embryo  aged  seventy-two  hours,  reduced  the  normal  rhythm  of  7ft 
per  minute  to  60  per  minute.  A  further  dose  of  0*01  gram  reduced 
the  rhythm  to  64  per  minute.  After  the  administration  of  a  total 
amount  of  0*07  gram  of  the  substance,  the  heart  stopped  in 
diastole. 

f.  Nicotine,  in  very  minnte  doses,  stimulated  the  embryonic  heart ; 
^  a.c.  of  a  solution  containing  \  o.c.  of  nicotine  to  100  c.c.  of  normal 
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saline  was  a  stimnlanfc ;  with  ^  c.c.  the  frequency  and  force  of  tbo 
heart  diminished,  systole  becoming  almost  absent,  while  the  heart  was 
finally  paralysed  in  diastole.  The  addition  of  0'03  gram  of  potassinxii 
chloride  restored  the  heart  to  almost  its  normal  rhythm,  the  beats  at 
the  same  time  becoming  strong,  both  as  regards  systole  and  diastole. 
A  farther  dose  of  nicotine  depressed  the  heart,  and  again  brought  it 
into  diastolic  stoppage,  the  systoles  having  become  weaker  and  weaker. 
There  was  no  spasm. 

g.  Atropine, — Doses  of  O'OOl  gram  had,  in  a  sixty  hours'  embryo,  a 
slightly  depressant  effect,  and  even  after  0'006  gram  had  been  ad- 
ministered, the  rhythm  of  the  heart  had  only  fallen  from  96  to  72 
per  minute.  In  a  seventy-two  hours'  embryo,  with  a  heart  beating  at 
116  per  minute,  0*012  gram,  after  three  minutes'  action,  had  de- 
pressed the  rhythm  to  80  per  minute,  while  even  after  the  administra- 
tion of  0*275  gram  the  rhythm  was  strongly  maintained  at  64  per 
minute. 

h.  Muscarine  Nitrate. — To  the  heart  of  a  seventy-two  hours*  embryo 
at  35^  C,  which  was  beating  with  a  rhythm  of  90  per  minute,  3  drops 
of  half  saturated  solution  of  muscarine  nitrate  were  applied ;  the 
rhythm  remained  constant  for  two  minutes,  after  which  period  2 
more  drops  were  added,  and  the  rhythm  kept  constant  at  94  per 
minute  during  the  next  three  minutes,  after  which  period  4  more 
drops  were  added,  and  the  ensuing  rhythm  was  93  per  minute; 
2  drops  of  saturated  solution  were  then  added,  which  was  so  concen- 
trated as  to  stain  the  embryo  brown.  During  the  following  five 
minutes  the  rhythm  was  constant  at  84  per  minute,  each  beat  remain- 
ing normal  in  direction  and  force.  Two  more  drops  of  saturated  sola- 
tion  caused  slight  irregularities,  but  the  rhythm  during  the  next  seven 
minutes  averaged  72  beats  per  minute.  Finally  2  more  drops  of  satu- 
rated solution  were  added,  and  during  the  following  seven  minutes 
the  heart's  rhythm  was  75  per  minute.  The  whole  experiment  lasted 
thirty  minutes,  and  10  drops  of  half  saturated  plus  9  drops  of 
saturated  solution  of  muscarine  nitrate  were  administered.  A  con- 
trol experiment  with  the  hearts  of  two  frogs  showed  that  the  musca- 
rine used  stopped  their  beats,  which  were  typically  restored  by  atro- 
pine. In  a  similar  experiment,  witnessed  by  Professor  Halliburton, 
with  both  embryonic  and  frogs'  hearts,  the  rhythm  of  the  former  was 
maintained  at  136  per  minute,  while  the  latter  was  stopped  and  sub- 
sequently restored  by  atropine.  Identical  results  were  obtained  with 
a  ninety-six  hours'  embryo.  In  an  embryo  as^ed  seventy  hours  at  a 
temperature  of  30**  C,  which  is  subnormal  in  the  chick,  a  rhythm  of 
92  beats  was  obtained  after  the  application  of  1  c.c.  of  half  satu- 
rated solution  for  the  following  nine  minutes,  after  which  1  c.c.  of 
saturated  solution  was  applied.  This  was  fatal  to  the  heart,  almost 
instantly  coagulating  the  tissues.     There  were  no  typical  phenomena 
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of  mascai-ine  poisoning,  and  tlie  application  of  atropine  failed  to  re- 
store the  rhythm.  Probably  any  stronely  alkaloidal  body  in  aach  a 
concentr&ted  Bolation  would  produce  a  similar  effect. 

i.  Schmiedeberg't  Digitalin. — An  embryo  aged  seventy-two  hours  at 
30°  C.  had  a  heart  rhythm  of  132  per  minute.  To  it  1  o.c.  of  normal 
saline  containing  0'000022  gram  of  digitalin  was  applied.  Daring 
the  next  eleven  minutes  the  rhythm  remained  constant,  after  which 
time  1  c.c.  containing  0*00005  gram  waa  added,  which  produced  no 
change  in  the  rhythm  ;  then  O'OOOl  gram  was  put  in,  and  after  one 
minute's  action  the  frequency  of  the  rhythm  had  fallen  to  92  per 
minate,  but  both  the  systole  and  diastole  were  strong.  The  rhyUim 
aftor  six  minutes'  action  rose  to  104  per  minuto.  After  this  another 
O'OOOl  gi-am  was  added,  and  the  rhythm  fell  aft«rtwo  minutes'  action 
to  50  per  minuto.  The  systole  was  typically  perfect,  but  the  diastole 
was  iuf^mpleto.  The  whole  heart  after  two  minutes'  ntore  action  of 
the  drug  became  very  pale  and  in  a  state  of  tonic  contraction  with 
very  feeble  flnttering  diastoles,  which  faded  away,  leaving  the  heart 
stopped  in  a  contracted  condition. 

j.  Strophanthin  (of  Merck's  mannfactare). — A  seventy-two  hours' 
embryo  at  a  temperature  of  32°  C.  had  a  heart  rhythm  of  132  per 
minuto.  A  dose  of  000006  gram  did  not  alter  the  rhythm.  A 
second  dose  of  the  same  amount  aftor  twenty  minutes'  action  rednoed 
the  rhythm  to  54  per  minute ;  both  systole  and  diastole  were  regular 
and  complete.  Five  minutes  after  this  the  diastole  became  irregular, 
and  the  systole  was  more  marlced  than  in  the  normal  condition. 
Aftor  another  minute  bad  elapsed  the  ventricle  passed  into  a  state  of 
tonic  contraction  with  a  few  feeble  beats,  in  which  the  diastole  was 
very  weak.  The  auricles  had  a  marked  diastole  and  a  weak  systole, 
and  wore  engorged  with  blood.  Daring  the  next  five  minutes  the 
auricle  bad  a  rbjrthm  averaging  24  beats  per  minute,  while  the  ven- 
tricle remained  in  tonio  contraction.  Finally,  forty-one  minutes  after 
the  administration  of  the  dose  the  auricle  stopped  in  diastole,  the 
ventricle  remaining  in  tonic  oontraction.  The  anrictes  responded  by 
10  beats  to  a  mechanical  stimulus ;  the  beate  did  not  extend  to  the 
ventricle.  8ix  minutes  after  this  the  auricle  responded  to  mechanical 
stimuli,  the  wave  of  contraction  passing  either  from  the  ventricular 
end  to  the  auricle  or  vice  vend,  according  to  which  end  of  the  auricle 
the  stimulus  was  applied. 

In  larger  doses  of  00002  gram  the  rhythm  in  a  seventy  hour 
embryo  at  33°  C.  was  depressed  from  120  to  102  per  minute,  the 
systole  becoming  very  strong  and  the  diastole  imperfect.  After  four 
minutes'  action  the  rhythm  returned  to  the  normal  both  in  frequency 
and  force.  To  the  same  embryo  0'00025  gram  was  then  added,  when 
aftor  one  minute's  action  the  auricle  dilated,  giving  small  twitoh-like 
contractions,  while  the  ventricle  passed  into  tonio  contraction.     The 
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auricle  iremained  for  six  minntes  feebly  responsive  to  meohanical 
stimuli. 

k.  Nitrite  of  Amyl. — ^A  ninety-six  hours'  embryo  kept  at  35°  C.  "was 
subjected  to  tbe  influence  of  the  vapour  of  5  minims  of  nitrite  of 
amjl.  After  one  minute's  action  the  rhythm  rose  from  96  to  124,  and 
after  another  minute  fell  to  112.  After  another  minute  it  had  fallexL 
to  104,  and  six  minutes  afterwards  was  at  the  normal.  In  a  seventy- 
two  hour  embryo  at  a  temperature  of  47^  the  rhythm  was  124  per 
minute.  A  dose  of  1  o.c.  of  solution  of  amyl  nitrite  dissolved  in 
olive  oil  (strength  being  1*5  c.c.  of  the  drug  to  10  c.c.  of  olive  oil) 
was  given,  and  the  frequency  of  the  rhythm  fell  in  one  minute  to  112, 
but  the  beats  were  strong.  Six  minutes  afterwards  another  c.o.  of 
the  solution  was  introduced,  and  the  rhythm  fell  to  104,  but  was 
strong.  Three  minutes  later  another  c.c.  was  put  in,  and  the  rhytlim 
rose  to  112,  but  was  very  weak  and  irregular,  and  finally  before  death 
the  rhythm  was  reversed. 

Concluding  Bemarks. 

The  observations  here  recorded  show  that  the  embryonic  heart  when 
kept  under  favourable  conditions  reacts  in  a  very  delicate  manner  to 
all  those  classes  of  stimuli  which  influence  the  adult  heart.  The  ex- 
periments on  temperature  show  that  its  variations  act  directly  on  the 
cardiac  muscle,  and  thus  confirm  the  opinion  of  ^Newell  Martin*  and 
others  who  have  arrived  at  the  same  conclusion  from  experimentB  on 
the  adult  heart. 

The  action  of  caffeine,  morphine  acetate,  potassium  chloride,  vera/- 
trine,  nicotine,  digitalin,  strophanthin,  and  amyl  nitrite  is  direct  on 
the  contractile  tissue  of  the  embryonic  heart.  This  greatly  favours 
the  view  that  they  act  direct  on  the  adult  cardiac  muscle.  It  will  be 
noted  that  many  of  the  actions  here  described  on  the  embryonic  heart 
are  almost  identical  to  those  observed  by  others  on  the  adult  heart. 
Notoriously  so  is  the  antagonism  between  veratrine  and  potassium 
chloride,  where  my  observations  are  identical  with  those  of  Ringerf 
on  the  frog's  heart.  A  similar  antagonism  exists  between  nicotine 
and  potassium  chloride.  Tbe  remarkable  correspondence  of  my  re- 
sults with  strophanthin  on  the  embryonic  heart  with  those  of  Pro- 
fessor FraserJ  on  the  frog's  heart  greatly  supports  the  view  of  that 
observer  as  to  the  direct  action  of  strophanthin  on  cardiac  muscle 
without  the  intervention  of  any  nervous  mechanism,  and,  further,  the 
absence  of  diastolic  stoppages  in  my  experiments  also  supports 
Eraser's  view  that  that  condition  in  the  frog's  heart  is  due  to  the 

•  Newell  Martin,  *  Phil.  Trans.,'  1883,  p.  663. 
t  Kinger,  *  Practitioner,'  vol.  30  (1883),  p.  17. 
J  Frafler,   '  Edinburgh  Eoy.  Soc.  Trans.,'  vol.  36  (1890-91),  Part  II,  p.  388, 
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ftotion  of  small  doses  of  stroptuuitlim  on  the  cardiac  nervous  meoba- 
nism  of  that  animal. 

Tlie  lengthening  oat  of  the  systole  in  veratrine  poisoning  corre- 
sponds to  the  same  well-known  lengthening  of  the  s^tole  in  the 
frog's  heart  ander  veratrine.  The  reversing  of  ihythm  observed  in 
morphine  poisoning  is  similar  to  that  mentioned  by  Lndwig*  as 
occurring  in  the  mammBlian  ventricle  when  under  the  influence  of 
opinm,  for  then  the  anricnlar  beats  follow  instead  of  precede  the 
ventricolar  beats,  the  rhythm  being  reversed.  The  same  occars  in 
amyl  nitrite  poisoning. 

Kmkenbei^  haa  stated  that  neither  atropine  nor  muscarine 
affects  the  heart  of  Ascidians. 

My  observations  on  the  action  of  atropine  and  moscai-ine,  which 
have  been  made  on  a  lai^e  number  of  embryos,  show  that  in  the 
absence  of  a  nervoas  mechanism  they  do  not  influence  the  heart. 
This  will  probably  modify  the  conent  views  on  the  action  of  these 
drugs,  and  my  results  show  that  the  method  I  have  adopted  is  a 
valnable  one  for  differentiating  the  fnnctiona  of  cardiac  mnscle  from 
those  of  the  nerves  which  supply  it. 


II.  "  Further  Besearcbes  in  Coonexion  with  the  Metallurgy  of 
Bismuth."  By  Edward  Matthsy,  F.S.A.,  P.C.S.,  Assoc. 
Roy.  Sch.  Mines.  Communicated  by  Sir  G.  G,  Stoees, 
Bart.,  FJIS.     Received  November  21,  1892. 

In  1886-87  and  in  1890  1  submitted  papers  to  the  Boyal  Society 
bringing  under  notice  facts  which  had  come  to  my  knowledge  whilst 
engaged  upon  the  practical  extraction  of  tJiis  beautifal  metal  from  its 
ores,  and  in  its  separation  from  impurities  which  are  always  associated 
with  it  when  in  a  crude  or  unrefined  state. 

rV.  Bismuth,  its  BeparcUion  front  Arsenic. 

In  a  paper  dated  February  10,  1887,:{  allnsion  is  made  to  the  fact 
that  arsenic  is  often  one  of  these  impurities,  and  at  the  same  time  a 
method  is  given  by  which  the  separation  of  this  metal  from  bismath 
was  then  succeBsfully  effected. 

The  process  adopted  when  that  paper  was  read,  and  for  a  consider- 
able period  subsequently,  when  working  upon  bismnth  containing 
arsenic,  consisted  in  removing  the  arsenic  by  fnsing  the  arsenical 

■  Ludwig,  'Lehrbucti  der  Phyiiol.  dei  UeiuchBii,'  Bd.  2  (1861),  p.  38. 
t  Krulsoberg,  quoted  in  Brunton's   '  lezt-Book  at  Pbu-oucobg;,'   Sus.   (3rd 
«di(ioB,  p.  114). 
X  '  Proe.  Bof.  Boo.,'  vol.  49. 
VOL.  Lii.  2  I 
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bismnth  in  contact  with  metallic  iron  at  a  dnll-red  heat  and  under 
flux.  A  compound  of  iron  and  arsenic  was  thus  formed  and  could  be 
removed  as  a  scum ;  the  disadvantages  of  this  process  being,  Ist, 
loss  of  bismuth  by  volatilisation,  and,  2ndly,  much  loss  of  time  in  the 
manipulation  of  any  large  quantity  to  be  treated. 

Having  occasion,  a  few  months  ago,  to  melt  together  a  large  quan- 
tity of  arsenical  bismuth,  some  700  or  800  kilos.,  that  is,  more  than 
three  quarters  of  a  ton,  in  order  to  obtain  a  homogeneous  alloy  upon 
which  to  work  subsequently  by  the  process  above  alluded  to,  it  be- 
came evident  that  when  the  temperature  was  raised  above  the  melt- 
ing point  of  bismuth,  the  surface  of  the  metal  being  exposed  to  the 
atmosphere,  arsenical  fumes  appeared,  and  that  these  increased  as 
the  temperature  of  the  metal  became  more  elevated,  the  result  being 
that  the  arsenic  came  off  in  dense  white  fumes  (AsaOs). 

The  observation  of  this  fact  led  t.o  further  experiments,  and  it  was 
found  that  if  the  surface  of  the  bath  of  fused  arsenical  bismuth  was 
fireely  exposed  to  the  air  at  a  tomperature  rather  higher  than  its  own 
melting  point,  and  if  the  molten  metal  was  constantly  stirred,  it  was 
possible  to  eliminate  the  whole  of  the  arsenic  alloyed  with  the  bismuth 
by  this  simple  process  of  fusion  with  stiiTing. 

As  it  is  a  matter  of  considerable  interest  for  metallurgists  to  know, 
not  only  that  this  elimination  does  take  place,  but  also  at  what  tem- 
perature it  occui-s,  a  series  of  experiments  have  been  conducted  with 
a  view  of  determining  this  accurately. 

The  work  of  Roberts- Austen  has  shown  that  a  thermo-junction  is 
practically  the  only  form  of  pyrometer  that  can  be  used  for  delicate 
thermal  investigations  of  this  kind,  but  the  question  arose  which  par- 
ticular thermo-junction  should  be  adopted.  Was  it  well  to  use  the 
platinum-iridium  one  as  advocated  by  Barus,  or  the  platinum-rhodium 
one  suggested  by  H.  Le  Chatclier  P  My  previous  work  on  the  alloja 
of  platinum  and  rhodium,  lately  published  in  the  '  Philosophicsal 
Transactions,'  sett  led  the  question  in  favour  of  the  rhodium-platimun 
thermo-junction,  for  I  was  satisfied  that  the  alloy  of  platinum  with 
10  per  cent,  of  rhodium  is  as. homogeneous  as  any  known  alloy  could 
well  be,  and  is  therefore  admirably  adapted  for  use  as  a  iliormo- 
j unction,  pure  platinum  being  the  opposing  metal. 

The  diagram  shows  the  results  obtained  by  calibrating  the  thermo- 
junction  by  the  aid  of  certain  known  melting  points.  The  tempera- 
ture at  which  arsenic  is  eliminated  is  also  shown  on  the  diagram. 

Analysis  proved  that  the  alloy  operated  upon  in  these  experiments 
contained  0*65  per  cent,  of  metallic  arsenic. 

From  the  diap^am  it  will  be  seen  that  the  melting  point  of  this 
alloy  of  bismuth  is  278°  C.  By  raising  the  temperature  of  the 
alloy  to  395**  C.  the  arsenic  freely  sublimates  from  the  bismuth  alloy, 
and  at  a  temperature  of  513^  C.  the  whole  of  the  arsenic  is  eliminated. 


On  the  Metallurgtf  of  Bismuth. 


A  point  of  macli  interest  in  relation  tu  molecular  physics  became 
evident  in  tbe  coarse  of  the  investigation.  Arsenic,  as  is  well 
known,  volatilises  at  the  comparatively  low  temperature  of  180'  C, 
vithoat  paeaing  tfaroogh  the  molten  state.     Arsenic  is  not,  however, 
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given  off  freely  from  the  arsenical  bismnth  nntil  a  temperatnre  of 
395°  is  reached.  So  that  the  temperatnre  of  disassociation  of  this 
alloy,  containing  0*65  per  cent,  of  arsenic,  is  114^  C.  higher  than  the 
melting  point  of  the  mass.  It  was  interesting  to  determine  at  what 
temperature  the  arsenic  wonld  be  evolved  if  the  alloy  were  heated  in 
vacuo, 

A  portion  of  the  bismuth  ulloy  containing  0*65  per  cent,  of  arsenic 
was  introduced  into  a  hard  glass  tube,  slightly  depressed  to  its  centre, 
and  connected  at  one  end  with  a  Sprengel  pump,  by  which  it  could  be 
rendered  vacuous. 

The  pyrometric  wires  were  in  contact  with  the  metallic  alloy  and 
passed  to  the  galvanometer  through  the  opposite  sealed  end  of  the 
glass  tube. 

Heat  being  applied,  the  first  indication  of  the  volatilisation  of  the 
arsenic,  shown  by  the  condensation  of  a  film  on  the  cool  part  of  the 
tube,  occurred  at  275^  G.  When  the  alloy  was  quite  melted  the  tem- 
perature indicated  was  316^  C. ;  arsenic  came  off  freely  when  the 
temperature  rose  to  569°  C,  condensing  in  a  black  mirror. 

The  metal  was  then  allowed  to  cool,  and  its  setting  point  was 
found  to  be  268°  C,  which  corresponds  with  that  of  the  melting  point 
of  bismuth. 

The  bulk  of  the  arsenic  does  not  appear  to  be  evolved  in  vacuo  at  a 
lower  temperature  than  in  air. 

As  regards  the  industrial  application  of  the  process,  some  ten  to 
twelve  tons  of  arsenical  bismuth  have  already  been  treated  in  this 
very  simple  way,  and  it  has  been  satisfactorily  ascertained  that  there 
is  no  loss  of  bismuth  by  volatilisation  with  the  arsenic. 

Part  V. — The  Separation  of  Bismuth  from  Antimony, 

The  process  hitherto  adopted  in  practice  for  the  separation  of 
antimony  from  bismuth  has  usually  consisted  in  a  simple  fusion  at  a 
dull-red  heat  with  bismuth  oxide  or  bismuth  *'  litharge  " — an  opera- 
tion successful  enough  as  to  its  results,  but  one  requiring  no  small 
amount  of  skill  in  manipulation ;  it  is  also  one  by  which  only  small 
quantities  can  be  treated  readily  at  one  time — and  moreover,  the 
temperature  which  is  necessary  to  effect  the  separation  of  the 
antimony  involves  appreciable  k)ss  on  account  of  the  volatilisation  of 
the  bismuth  at  a  red  heat,  notwithstanding  many  tens  of  tons  of 
bismuth  have,  however,  been  treated  under  my  direction  by  this 
process. 

In  an  operation  lately  conducted,  involving  the  melting  of  a 
quantity  of  bismnth  containing  about  one  per  cent,  of  antimony,  it  was 
found  that  a  peculiar  oily  film  was  noticeable  rising  to  the  surface  of 
the  melted  alloy ;  this  film  did  not  form  all  over  the  surface  of  the 
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metal,  bni  appeared  to  rise  as  from  a  .boiling  centre,  and  this 
althongb  the  metal  was  at  a  temperatnre  very  little  above  it«  melting 
point.  A  portion  of  the  film  or  layer  waa  removed  and  tested  in 
order  to  ascertain  ite  nature,  and  it  was  fonnd  b>  contun  a  very 
appreciable  proportion  of  antimony.  I,  therefore,  cansed  the  opern- 
tion  to  be  continiied,  stirring  the  metal  from  time  to  time  with  a 
dried  wood  stirrer.  In  the  course  of  three  or  four  hours,  removing 
the  film  from  time  to  time,  the  sorface  of  the  meltod  metal  aaanmed  a 
much  brighter  appearance,  and  on  carefully  t«eting  it  at  this  point, 
the  metal  was  fonud  to  be  abiolutely  free  from  arUimony.  To  oonfirm 
this  and  to  ascertain  more  exactly  the  conditions  nnder  which  this 
separation  takes  place,  a  further  quantity  of  impure  bismuth  was 
operated  upon  in  a  similar  manner.  This  second  quantity  contained 
other  impurities  besides  antimony,  ite  analysis  being  as  follows: — 

Bismuth,  by  difference 96-20 

Antimony O'SO 

Tellurium 0-« 

Load 2- 10 

Copper 0-60 

Arsenic traces 

10000 

The  same  simple  process  of  fusion  and  stirring  was  again  adopted 
— the  qnaatity  being  about  350  kilogrammes — and  when  the  same 
oily  film  commenced  to  rise  to  the  sar&ce  the  temperature  of  the 
molten  mass  of  the  alloy  was  token  by  means  of  the  Le  Chatelier 
pyrometer.'  A  portion  of  the  film  removed  showed,  on  being  tested, 
a  percentage  of  over  30  per  cent,  of  antimony.  A  slightly  perceptible 
fume  of  arsenic  was  apparent  as  volatilising,  so  proving  what  I  fonnd 
to  be  the  case  in  the  separation  of  arsenic  by  simple  fusion.  (See 
ante.) 

The  point  at  which  this  separation  of  antimony  occurs  waa  fonnd 
to  be  350°  C,  and  at  this  temperature  the  metal  was  maintained  for 
abont  five  hours. 

The  evidence  of  on  oxidising  action  became  now  much  less,  and, 
although  a  very  small  amount  of  antimony  was  present,  there  was  still 
a  little  remaining  in  the  alloy ;  the  temperature,  therefore,  was  slightly 
raised  and  maintained  at  ^8"  C,  as  shown  by  the  pyrometer,  for 
abont  four  hours,  at  the  end  of  which  time  the  bismuth  became 
absolutely  free  from  antimony. 

The  form  in  which  the  antimony  sepEirated  was  peculiar — a  tions- 
parent  glass,  consisting  of  antimony  oxide — containing  about  10  per 
cent,  of  bismuth,  bnt  of  course  in  the  removal  of  the  antimony  oxide 
a  small  proportion  of  the  bismuth  was  mechanically  carried  with  it. 
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resalting  in  tlie  production  of  several  very  interesting  and  very 
beautiful  metallurgical  specimens. 

The  great  advantage  of  this  process  is,  like  that  of  the  foregoing 
separation  from  arsenic,  its  extreme  simplicity,  the  low  temperature 
which  renders  it  possible  to  work  upon  very  large  quantities  at  one 
time,  and  the  very  small  amount  of  time  necessary  for  this  separa- 
tion in  comparison  with  the  process  hitherto  adopted,  and  the 
absence  of  loss  in  the  bismuth  operated  upon  by  volatilisation.  It  is 
obvious  that  where  metals  can  be  so  easily  treated  in  lai^  quantities, 
the  labour  and  skill  hitherto  necessary  is  very  considerably  reduced, 
and  there  is  the  additional  advantage  that  the  loss  attending  large 
operations  is  minimised. 

In  this  and  in  my  previous  papers  upon  this  beautiful  metal 
bismath,  I  have  been  able  to  point  to  simple  dry  processes  for  its 
separation  from  gold,  lead,  copper,  arsenic,  and  antimony,  and  all 
these  processes  are  available  for  treating  with  care  large  quantities  at 
one  time.  When  it  is  remembered  what  is  involved  in  having  to 
dissolve  any  quantity  of  bismuth  in  acids,  and  its  subsequent  pre- 
cipitation from  solution,  it  surely  will  be  admitted  that  mach  of  the 
difficulty  in  purifying  crude  bismuth  has  been  effectively  removed, 
as  the  methods  given  have  been  found  possible  in  practice,  and  ad- 
vantageous. 

I  have  introduced  upon  the  diagram  the  points  at  which  arsenic  is 
volatilised,  and  also  the  point  at  which  antimony  separates  from 
bismuth  under  the  conditions  described  in  this  paper. 


III.  "  On  the  Three-Bar  Motion  of  Watt"  By  William  Bren- 
nand. Communicated  by  C.  B.  Clarke,  F.R.S.  Received 
January  2,  1893. 

(Abstract.) 

The  figure  represents  a  simple  form  of  "  Watt's  Parallel  Motion." 
OA  =  O'B  =  r  are  the  arms  that  can  turn  freely  about  0,0',  fixed 
centres,  in  one  plane.  The  link  AB  =  2Z  is  pivoted  at  A  and  B. 
As  the  arms  move,  P  the  middle  of  the  link,  traces  out  a  portion  of 
the  curve,  viz.,  from  Q  to  Q',  backwards  and  forwards,  nearly  in  a 
right  line. 

OC  =  O'C  =  d. — Of  the  three  parameters  d^  r,  Z,  any  one  can  be 
taken  as  unit  (in  this  paper  I  is  taken  10  units) ;  then  d  and  r  are 
independent  parameters.  The  problem  Watt  had  to  solve  was  to 
discover  numerical  values  of  d  and  r  that  should  give  the  tracing 
point  P  the  smallest  deviation  from  a  right  line. 

Watt  gave  a  series  of  values  for  d  and  r  which  are  employed  by 
engineers,  with  small  thumb-rule  ameliorations,  to  this  day.     They  are 
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"good"  ralaes,  i.e.,  they  give  the  path  of  P  nearly  rectilinear;  bat 
they  are  all  subject  to  the  relation  tP— H  =  V.  The  carve  above  is 
one  of  this  class  ;  in  these  the  tangent  at  tbe  origin  lies  wholly  oaU 
side  the  curve,  and  has  the  closest  possible  contact  with  it,  while  at 
the  moment  the  tracing  point  P  passes  throagh  tbe  origin,  the  arms 
are  at  right  angles  to  the  link.  The  question  arises,  may  there  not 
be  better  values  of  d  and  r  (not  aabjeot  to  the  relation  ^ — r'  ^  P) 
which  give  a  more  nearly  rectilinear  motion  to  P  than  any  of  the 
Watt  values  ? 

The  eqoatioD  to  the  curve  traced  by  P,  in  common  polar  coordin- 
ates, is  (taking  CO  initial  radins  rector) — 


(,>'+P— r*— rf')'+4(P(/)'— T»)sin*tf  =  0  . 


(A) 


Willis  ('  Principles  of  Hechanism,'  p.  401)  says  that  the  full  equation 
is  so  exceedingly  involved  and  complex  as  to  be  of  no  use  in  obtain- 
ing the  required  practical  results.  And  Willis  accordingly  follows 
the  preceding  writers  in  "  approximate  methods." 

Tbe  present  paper  takes  up  the  subject  at  this  point,  and  the  general 
snbstance  of  the  paper  and  its  results  may  be  stated  under  three 
heads,  viz.  :— 

1.  The  nature  and  properties  of  the  carve  (A)  are  worked  ont  so 
that  a  complete  idea  of  it  for  all  values  of  d  and  r  is  obtained. 

2.  Hence  are  derived  nameroua  values  for  d  and  r  which  give 
good  results ;  the  deviation  in  these  from  the  right  line  is  calunlated, 
and  in  some  of  them  shown  to  be  less  than  in  any  of  the  arrangements 
given  by  Watt. 

3.  The  more  complex  arrangements,  where  the  radii  are  not  equal 
or  where  the  tracing  point  divides  the  rod  unequally,  are  also  dealt 
with. 

In  the  first  head,  large  nse  has  been  made  of  plotting  the  para- 
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meters  d  and  r  as  if  thej  were  x  and  y  coordinates,  and  supposing  at 
each  point  of  the  "  chart "  thns  resulting  that  the  cnrve  (A)  is  ez^ 
istent  at  that  point. 

This  method  is  capable  of  great  extension ;  it  is  used  in  the  pre- 
sent paper  in  the  heading  (3),  and  has  been  found  of  great  service 
in  dealing  with  other  complex  corves,  as  when  the  tracing  point  P 
is  not  in  the  straight  line  AB. 

Watt  gave  a  rule  for  "  fixing  "  in  the  particular  set  of  cases  where 
€p—f^  =  P,  A  very  simple  practical  rule  for  fixing  has  been  found 
for  all  values  of  d  and  r. 

The  '  English  Mechanic  '  of  December  29,  1882,  published  my  first 
attempts  on  this  curve ;  and  the  chart  is  there  employed. 

The  numerous  writings  of  late  years  on  Three-Bar  Motion,  by  Mr. 
Roberts,  Professor  Gayley,  and  others,  do  not  appear  to  invade  the 
narrow  area  of  the  present  paper,  which  especially  aims  at  obtaining 
numbers  for  d  and  r  of  practical  value. 
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February  2,  1893. 

Sir  JOHN  EVANS,  K.C.B.,  D.C.L.,  LL.D.,  Treasarer,  in  ihe  Chair. 

A  List  of  the  Presents  received  was  laid  on  the  table,  and  thanks 
ordered  for  them. 

The  following  Papers  were  read : — 

I.  "A  New  Portable  Miner's  Safety-lamp,  with  Hjdrug^en 
Attachment  for  Delicate  Gas-testing ;  with  Exact  Measure- 
ments of  Flame-cap  Indications  furnished  by  this  and  other 
Testing  Lamps."  By  Frank  Clowes,  D.Sc.  Lond^  Pro- 
.  fessor  of  Chemistry,  University  College,  Nottingham. 
Communicated  by  Professor  Armstrong,  F.R.S.  Received 
January  10,  1893. 

Introductory, 

The  presence  of  firedamp  is  still  almost  invariably  detected,  and 
its  amount  is  more  or  less  accnrately  measured,  by  the  observation  of 
the  pale  blue  *^  cap  "  produced  by  the  "  gas  "  over  the  flame  of  the 
safety-lamp.  By  suitably  reducing  the  flame  of  an  ordinary  oil 
safety-lamp  by  drawing  down  the  wick,  it  is  generally  considered 
that  percentages  of  gas  in  the  air  varying  from  about  2'5  to  6  can  be 
detected  and  estimated.  The  upper  limit  is  that  at  which  an  infiUun- 
mable  mixture  is  approached.  The  lower  limit  reached  by  this 
method  of  testing  is,  however,  not  considered  sufficiently  low,  and  for 
two  reasons.  W.  Galloway  has  shown  (*  Roy.  Soc.  Proc.,*  vol.  24^ 
p.  361)  that  air  containing  less  than  1  per  cent,  of  gas  becomes 
explosive  when  it  is  mingled  with  fine  coal-dust ;  hence  the  ordinary 
safety-lamp  test  for  gas  is  incapable  of  indicating  a  dangerous  state 
of  the  atmosphere  in  dusty  mines.  And,  further,  even  in  the 
absence  of  coal-dust  in  the  air  of  the  mine,  it  is  necessary  to  test  the 
"  returns,"  or  the  ventilation  currents  as  they  leave  the  working 
**  districts  "  and  the  mine,  in  order  to  ascertain  whether  the  general 
ventilation  of  the  mine  is  well  distributed  and  sufficient.  It  is  stated 
by  high  authorities  tliat  the  ^*  main  return  "  air  should  not  contain 
more  than  0*5  per  cent,  of  "  gas,"  and  that  1  per  cent,  should  never 
be  reached.  An  ordinary  oil  safety-lamp  gives  no  indications  with 
1  per  cent,  or  less  of  gas. 

During  the  last  twelve  years  several  forms  of  ga»-te8tiug  apparatus 
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hare  been  introdaced  vith  the  object  of  enabling  peroentages  of  gaa 
as  low  as  0'5,  aad  eren  as  0'25,  to  be  determined.  The  loner  propor- 
tion, 0'25  per  cent.,  is  considered  to  be  low  enongh  for  all  practical 
purposes. 

Of  these  apparatas,  the  following  are  considered  to  effect  their 
pnrpose  satisfactorily :  E.  H.  Lireing's  electrical  indicator  ('  Physloal 
Soo.  Proc.,'  Jone,  1880) :  Fr.  Pieler's  alcohol-lamp,  described  in  a 
pamphlet  ('  Ueber  einfachen  Methoden  snr  IJutersnchnng  dor  Gm- 
benwetter,'  Aacben,  1883) :  and  an  apparatus  bronght  forward  by 
Coqnillon  and  by  others,  which  depends  npon  measuring  the  redno- 
tion  of  preaanre  produced  in  a  confined  Tolnme  of  the  mine-air  when 
the  firedamp  is  bnmt  ont  of  it,  this  being  effected  by  maintaising 
the  air  in  contact  with  a  metallic  wire  rendered  incandescent  by  an 
«leotric  oorrent. 

Apart  from  general  considerations  of  convenience  and  of  safety 
when  these  apparatus  are  in  use  in  the  mine,  a  serions  objection  to 
each  of  them  is  that  it  is  by  no  means  small  or  light,  and  that  it 
must  be  carried  together  with  an  ordinary  safety-lamp,  since  it  does 
not  itself  serve  for  illaminating  the  darkness  of  the  mine. 

The  Liveing  apparatus  has  recently  been  proved  by  James  Qnmdy, 
working  with  my  teat-chamber,  to  give  very  accurate  readings  of 
"gas"  varying  in  percentage  from  Oil  to  2'2;  but  he  fonnd  the 
platinum  wire  exposed  to  the  gas  to  be  subject  to  changes  when  in 
use,  which  make  the  apparatas  difficult  to  maintain  in  working  order 
and  which  sometimes  render  it  useless. 

There  seems  to  be  a  general  disposition  amongst  all  classes  in- 
terested in  mining  to  improve,  if  possible,  the  flame-cap  test,  rather 
than  to  resort  to  otiier  methods  for  seouring  accnracy  and  delioaty  in 
gaa-testing.  This  object  was  in  some  measnre  attained  by  UM.  Mal- 
lard and  Le  Chatelier  in  1681  ('  Annates  des  Mines,'  7th  Ser.,  vol.  19, 
p.  186),  by  suitably  screening  the  rednced  oil  flame  of  the  safetj- 
lamp,  and  then  viewing  it«  tip  against  a  black  background  of  cloth 
or  of  blackened  metal  sheet.  It  is  stated  that  a  slight  indication  was 
obtained  by  this  means  when  the  percentage  of  gas  present  was  as 
low  as  0'5.  The  lamp,  however,  suffered  a  loss  of  illuminating  power 
when  its  flame  was  turned  up,  owing  to  the  obstruction  of  the  screens. 
The  indications  of  the  lower  percentages  were  also  confessedly  ex- 
tremely slight  and  feeble ;  they  are  further  rendered  uncertain  by  the 
fact  that  an  oil-flame  itself  gives  a  feeble  cap-like  mantle.  Still  tlie 
improved  lamp  has  the  advantage  of  being  at  once  an  illnmiDator 
and  also  a  gas-tester  of  greater  delicacy  than  the  lamps  in  ordinary 

The  inventors  of  this  improved  oil-lamp  state  that  they  consider 
the  hydrogen  flame  to  be  snperior  to  any  other  for  gas-testing.  They 
ascertained  that  this  flame  would  detect  0*25  per  aeat,  of  gas ;  but 
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ihey  do  not  pnblisli  any  farther  account  of  its  indications,  appa- 
rently because  their  attempt  to  introduce  the  hydrogen  flame  into  a 
safety-lamp  was  altogether  nnsncoessfnl. 

Pieler  was  also  so  much  impressed  with  the  advantages  obtained 
by  the  use  of  a  hydrogen  flame  for  gas-tesb'ng,  that,  failing  to  apply 
this  flame  to  a  portable  lamp,  he  still  recommended  (he,  cUS)  the 
application  of  the  hydrogen  flame,  fed  by  a  chemical  generator,  in  a 
stationary  apparatus  above  ground,  to  testing  samples  of  mine-air 
which  were  conveyed  to  it.  He  confesses  that  his  alcohol-lamp  is 
only  a  substitute  for  the  impossible  hydrogen- lamp,  which  he  would 
evidently  recommend  if  it  were  available.  The  alterations  recently 
made  by  M.  Ghesneau  ('  Annales  des  Mines,'  August,  1892,  p.  203) 
in  the  Pieler  lamp  would  therefore  probably  not  have  been  recom- 
mended by  the  original  inventor  of  the  alcohol  lamp,  if  a  portable 
hydrogen  lamp  had  been  in  existence ;  and  although  they  add  to  the 
safety  of  the  lamp,  they  do  so  by  rendering  the  lamp  self -extinguishing 
in  moderately  high  percentages  of  gas.  The  extinction  of  the  testing- 
lamp  is  a  serious  inconvenience  to  the  gas-tester,  and  will  not  prove 
to  be  a  recommendation  to  him. 

The  Pieler  lamp  farther  labours  nnder  the  serious  disadvantan^e 
that  the  pale  caps  have  to  be  observed  through  wire  gauze,  .which 
obstructs  much  of  their  light.  The  caps  become  actually  invisible 
if  the  gauze  around  the  lamp  is  bright  and  reflective,  as  it  frequently 
is  in  a  new  lamp. 

When  samples  of  air  can  be  conveniently  collected  and  carried  to  a 
testing  station,  no  arrangement  will  be  found  more  convenient  and 
delicate  than  a  hydrogen  flame  of  standard  size,  fed  by  a  large 
cylinder  of  the  compressed  gas.  The  flame-cap  is  then  observed  in 
a  dark  room  against  a  dead-black  ground,  and  its  height  is  noted.  A 
portable  hydrogen  safety-flame  will,  however,  be  found  to  be  much 
more  convenient,  as  it  can  be  carried  to  the  spot  where  the  test  is  to 
be  made.  The  troublesome  collection  and  transport  of  bulky  air 
samples  are  thus  avoided. 

A  Portable  Safety-lamp  with  interchangeable  Oil  and  Hydrogen 

Flames. 

An  aiTangement  for  introducing  a  standard  hydrogen  flame  into 
any  ordinary  form  of  safety-lamp  has  been  already  described  ('  Boy. 
Soc.  Proc.,'  vol.  51,  p.  90).  The  requisite  supply  of  hydrogen  was 
contained  in  a  compressed  state  in  a  steel  cylinder,  which  was 
similar  to  those  in  common  use,  but  of  much  smaller  dimensions. 
The  cylinder  was  slang  from  the  shoulder  by  a  strap,  and  was  con- 
nected when  necessary  with  the  lamp  by  means  of  a  length  of 
flexible  tubing.     On  slightly  opening  the  valve  of  the  cylinder,  the 


1893.]  A  New  Portable  Miner's  Sa/ety-lamp.  487 

hydrogen  was  fed  through  a  copper  tube  of  very  fine  bore  within  the 
lamp  to  a  jet  terminating  beside  and  jnst  above  the  wick  of  the  lamp. 
This  copper  tnbe  paeeed  throngh  the  oil  reservoir  of  the  lamp. 

The  hydrogen  having  been  kindled  by  the  lamp-flame,  the  wiok  was 
drawn  down  by  the  "pricker  "  until  the  oU-flame  was  extingaished. 
The  hydn^en  flame  was  then  set  to  a  standard  height  of  10  mm.  by 
regulating  the  very  taperii^  cylinder-valve,  whilst  looking  across  a 
vertical  10  mm.  wire  fixed  on  the  wiok-holder  in  froot  of  the  hydro- 
gen flame.  The  flame-cap  was  then  looked  for  gainst  a  dead-black 
bach^ronnd,  prodnoed  by  smoking  with  a  taper  a  vertical  strip  half  an 
inch  wide  npon  the  interior  of  the  back  of  the  lamp-glass.  The  lamp- 
gtasa  was  specially  made  of  greats  length  than  asaal,  so  as  to  enable 
the  whole  of  a  flame-cap  60  mm.  in  height  to  be  seen.  The  height  of 
any  flame-cap  thns  observed  was  estimated  by  comparing  it  with  the 
standard  10  mm.  hydrogen  flame,  or,  if  the  flame  had  increased  in 
height,  by  taking  the  vertical  wire  as  the  flxed  10  mm.  standard  of 
measarement. 

When  the  observation  of  the  flame-cap  had  been  completed,  the 
lamp-wick  was  pnshed  np  once  more  against  the  hydrogen  flame ;  and 
as  soon  as  the  oil-flame  had  been  kindled,  the  hydrogen  was  shot  off 
by  the  valve  of  the  cylinder,  and  the  flexible  tabe  was  discouueoted 
from  the  lamp. 

The  whole  process  of  prodncing  the  standard  hydrogen  flame  within 
the  ordinary  safety-lamp  was  very  simple  and  was  very  r.ipidly 
effected  ;  and  the  change  from  the  oil  flame  to  tho  hydrogen  flame, 
and  the  converse,  presented  no  difiicalty.  A  little  pi-octice  enabled 
the  operator  to  turn  on  the  hydrogen  snfGoiently  slowly,  if  the  valve 
was  properly  constmcted ;  and  a  little  care  sufficed  to  prevent  the 
extinction  of  the  hydrogen  flame  by  sudden  shocks  imparted  to  the 
flexible  connecting  tnbe. 

This  form  of  appatatus  appears  to  be  snitable  for  many  pnrposes. 
But  practical  raining  men  objected  to  the  nnnecessarily  largo  weight 
and  dimensions  of  tbe  hydrogen  cylinder,  and  to  the  inconvenience  of 
the  connecting  tube.  For  making  one's  way  along  rough  and  awk- 
ward passages  nndergroand  something  more  compact  and  light  was 
requisite. 

After  many  experimental  forma  of  apparatus  had  been  tried,  a  little 
Ktcel  cylinder  directly  and  rigidly  attachable  to  the  safety-lamp  waa 
adopted.  It  is  shown  attached  to  AshwortL's  modified  lamp  io  fig.  1. 
The  sectional  drawings  represent  the  key  of  the  valve  below  the 
cylinder;  it  is  in  reality  at  the  side  and  is  detachable;  the  attach- 
ment of  the  cylinder  to  the  lamp  is  also  not  accurately  represented 
in  the  sections.  This  cylinder  may  be  adapted  to  any  other  form  of 
safety-lamp,  but  for  several  reasons  Ashworth's  lamp  has  been  pre- 
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ferred.  The  cylinder  ie  made  of  hydraulic  Bfeel  tube ;  it  is  5  inches 
in  length  by  1  incli  in  diameter,  and  barely  exceeds  1  lb.  in  weight. 
It  can  be  instantaneonBly  attached  to  the  lamp  by  a  quarter  tara ;  a 
clip  arrangement  then  hold§  it  firmly  at  both  ends ;  it  is  u  qnickly 
detachable.  When  the  cylinder  is  not  attached,  the  lamp  is  an 
ordinary  safety-lamp.  The  cylinder,  when  attached,  forms  a  moafc 
oonvenient  strong  and  rigid  handle  at  the  side  of  the  lamp,  by  which 
the  lamp  may  be  supported  in  the  left  hand  while  the  hydrc^^n  flame 
is  being  adjusted  by  the  right.  The  whole  process  of  passing  from 
the  bright  flame  to  the  hydrogen  flame  and  back  again  to  the  bright 
flame,  including  a  hydrogen-flame  test,  is  easily  effected  in  thirty 
seconds.  The  process  of  testing  is  precisely  that  described  above  for 
the  cylinder  with  flexible  lamp  connexion. 

The  little  cylinder  is  charged  with  hydrogen  by  connecting  it  with 
a  larger  store  cylinder  of  the  gas  under  a  compression  which  may  vary 
between  120  and  60  atmospheres.  When  chaiged  at  100  atmospheres 
pressure,  it  furnished  the  btandard  10-mm.  flame,  barning  continuously, 
for  about  40  minutes.  This  would  be  an  ample  supply  of  hydrogen 
for  one  inspection  of  a  mine,  since  the  hydrogen  flame  would  only  be 
used  occasionally,  and  then  for  rery  short  intervals  only.  If  a  longer 
service  is  required,  a  cylinder  of  the  same  diameter,  but  of  greater 
length,  and  of  capacity  half  as  great  again,  may  be  adapted  to  tbe 
lamp.  Or  one  or  more  reserve  cylinders  can  be  easily  carried  in  the 
pocket.  The  small  cylinder  may  be  charged  sufficiently  for  use 
Neveral  hundred  times  from  a  lai^e  cylinder  under  120  atmospheres 
pressure. 
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When  "gas"  is  being  tested  for  in  the  mine,  the  examination 
would  first  be  made  in  the  nanal  way  by  carefnlly  and  gradnally 
drawing  do*m  the  wick,  watching  continnoosly  meanwhile  throngh 
tKe  well-oleaned  glass,  with  the  dead-black  smoked  baokgronnd 
already  described,  whether  at  any  stt^  a  cap  appears  over  the 
flame.  If  a  distinct  cap  within  the  limits  of  the  glass  shoald  be 
seen,  the  percentage  of  gas  will  be  between  3  and  6 ;  by  noting  the 
height  of  the  cap  as  judged  against  the  standard  lO-mm.  wire,  the 
percentage  of  gas  can  be  ascertained  with  very  fair  accoracy,  as  is 
proved  below. 

If  no  satisfactory  cap  can  be  seen  over  the  redaced  oil  flame,  and 
small  percentages  of  gas  have  to  be  looked  for,  the  hydrogen  cylinder 
is  attached  to  the  lamp,  the  standard  hydrogen  flame  is  produced 
within  the  lamp,  and  a  cap  is  looked  for  over  the  flame.  This  standard 
flame  will  readily  indicate  and  measnre  percentages  varying  from 
0'25  to  3 :  the  caps  being  easily  seen  and  readily  measured  by  com- 
paring their  heights  with  that  of  the  hydrogen  flame  or  of  the 
standard  wire.  The  osp  oorreaponding  to  0*25  of  gas  is  very  pale, 
and  is  somewhat  hazy  and  ill-defined  at  its  edge ;  the  cap  with  0'5 
per  cent,  is  somewhat  more  dense  and  well-defined ;  but  both  these 
caps  are  easily  seen  even  by  an  inexperienced  eye. 

The  dimensiouB  of  the  caps  given  by  less  than  1  per  cent,  of  gas  can 
be  much  increased  by  turning  np  the  hydrogen  flame  to  \b  mm.  (see 
Hi  Hi,  figs.  5,  6).  Similarly,  the  cap  indications  of  the  standard 
hydrogen  flame,  which  exceed  the  height  of  the  lamp-glass  when 
more  than  3  per  cent,  of  gaa  is  present,  can  be  brought  within  the 
visible  limits  by  reducing  the  flame,  while  in  the  presence  of  the  gas, 
to  5  mm.  (see  H|  Hi,  figs.  5,  6).  These  higher  percentages  of  gas 
may  in  this  way  be  estimated  by  means  of  the  hydrogen  flame, 
instead  of  by  the  reduced  oil  flame. 

It  has  been  occasionally  noticed  that,  when  the  hydrogeo  flame  is 
allowed  to  bum  for  a  long  time  within  the  lamp,  the  lower  part  of 
the  lamp-glass  becomes  cool,  owing  to  the  feeble  radiative  power  of 
the  flame;  drops  of  water  then  condense  npon  the  gloss  and  interfere 
with  the  accurate  observation  of  the  flame  and  of  the  cap.  If  this 
shonld  occur,  it  is  only  neoessary  to  turn  on  the  oil  flame  for  a  short 
time;  and  this,  by  its  superior  lateral  radiation,  rapidly  disBipates 
the  water. 

It  will  be  readily  anderstood  that  the  main  advantages  resulting 
from  the  use  of  the  hydrc^n  flame  are  the  following  ^— 

1.  The  flame  is  non-lnminonB,  whatever  its   dimensionB  may  be, 

and  therefore  does  not  interfere  with  the  perception  of  the 
cap,  and  does  not  require  to  be  screened  from  the  eye. 

2.  The  flamo  can  always  be  adjusted  at  once  to  standard  height,  and 
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maintained  at  that  height  sufficiently  long  for  the  completion 
of  the  test ;  whereas  other  testing  flames  are  constantly  yarjing 
in  dimensions,  and  most  of  them  cannot  be  set  to  standard  aiae 
at  all  with  any  certainty. 

Thus  a  colza-petrolenm  flame,  exposed  in  air  containing  a 
low  percentage  of  gas,  when  twice  adjusted,  g^ve  caps  of  8  and 
of  20  mm.  The  reduced  oil-flame  also  fell  so  quickly  ihat 
cap-readings  with  low  percentages  of  gas  could  not  be  taken 
at  all. 
8.  The  caps  produced  over  the  hydrogen  flame  are  larger  than 
those  produced  by  any  flame  of  corresponding  size. 

4.  The  size  of  the  hydrogen  flame  can  therefore  be  so  far  rednced 

as  to  enable  it  to  be  used  in  an  ordinary  safety-lamp. 

The  size  of  the  flame  may  further  be  suitably  varied,  so  as 
to  increase  or  decrease  the  height  of  the  cap,  and  thus  either 
increase  the  delicacy  of  the  test  or  extend  its  range. 

5.  The  standard  hydrogeTi  flame  shows  no  trace  of  mantle  or  cap  in 

air  free  from  gas ;  it  shows  only  a  slender  thread  above  its 
apex.  The  colza-petroleum  and  the  benzoline  flames  show  pale 
mantles  in  gas-free  air,  which  may  be  easily  mistaken  for  a 
small  percentage  of  gas. 

6.  The  standard  hydrogen  flame  bums  vigorously,  and  is  of  fair  size, 

and  therefore  cannot  be  extinguished  by  accident ;  whereas  the 
reduced  flames,  ordinarily  used  in  testing,  bum  feebly  and  are 
readily  lost. 

7.  Hydrogen  is  supplied  fairly  pure  and  of  practically  invariable 

composition;  whereas  commercial  oil  and  alcohol  are  apt  to 
vary  much  in  composition,  and  therefore  to  give  flames  whose 
indications  change  with  the  sample  of  liquid  which  is  being 
burnt. 


The  Precise  Measurement  of  Flame-caps. 

The  flame-caps  in  a  long  series  of  observations,  of  which  the  results 
are  here  stated,  were  observed  in  the  test -chamber  already  described 
('  Roy.  Soc.  Proc.,'  vol.  50,  p.  122  and  vol.  51,  p.  87).  This  apparatus 
has  been  made  more  convenient  for  use  by  slinging  the  water-tray, 
which  effects  the  closure  of  the  chamber  below,  from  the  bottom  of 
the  chamber  by  four  rods  which  famish  a  kind  of  parallel  motion. 
The  tray  can  thus  be  pushed  back  and  again  brought  into  position, 
and  be  maintained  throughout  in  a  horizontal  position.  It  has  also 
been  found  necessary  to  introduce  a  small  circular  trap- door  in  the 
floor  of  the  chamber,  and  just  behind  the  window.  When  an  oil- lamp 
is  placed  over  this  opening,  its  flame  can  be  readily  adjusted  by  the 
"  pricker "    from   outside,   without    removing    the    lamp    from   the 
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chamber.  The  chamber  waa  found  to  clear  itself  of  gas  in  two 
rainntes  when  both  top  and  bottom  apertores  were  left  open.  Witb 
the  bottom  aperture  only  opened,  it  stood  for  five  minutes  without 
appreciable  change  occurring'  in  the  oompoaition  of  its  internal  atmo- 

■ph.™. 

Precantiona  were  always  taken,  before  commencing  tbe  measnre- 
menta  of  caps,  to  make  the  eye  as  acnsitiTe  as  posaible,  more  especially 
when  observing  the  paler  caps.  This  was  effected  by  remaining  in  a 
dark  room  for  aome  time.  The  interior  of  the  test-chamber  and  the 
back  of  the  lamp-glass  received  a  dead-black  coat :  and  adrantage 
was  gained  by  coating  in  the  same  way  alt  those  brass  parta  of  the 
lamp  which  conld  receive  and  reflect  the  light  of  the  flame  or  cap. 
Tory  feeble  daylight  was  foand  to  caoae  mnch  more  aerions  inter- 
ference than  fall  gaslight  did,  with  the  observation  of  the  cap. 

A  saggeatios  made  by  ProfesBor  H.  B.  DLzon  was  found  of  great 
advantage  when  examining  feeble  capa ;  the  eye  was  directed  on  the 
side  of  the  lamp,  instead  of  directly  apon  the  cap ;  the  pale  image 
of  the  cap  was  thus  formed  npon  a  very  aensitive  part  of  the  retina, 
Hnd  the  cap  was  much  more  readily  seen  than  when  it  was  observed 
directly. 

All  attempts  to  measure  the  heights  of  flame  caps  by  meana  of 
graduated  scales  fixed  within  the  lamp  ended  m  failure,  siace  the 
light  emitted  by  the  cap  near  its  anmmit  was  far  too  feeble  to 
illnminato  tJie  scale.  The  method  of  measoremeut  ultimately 
adopted,  which  has  served  for  making  many  hundred  readinga,  is 
described  below. 

An  ordinary  flat  paralleUruIer  was  pressed  against  the  window  of 
the  chamber  in  a  horizontal  position  (fig  2),  and  supported  a  vertical 
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strip  of  paper  between  it  and  the  glass.  The  flat  front  sor&ces 
of  the  rule  were  rendered  feebly  Inminons  by  means  of  InminoiiB 
paint,  so  that  their  position  could  be  seen  in  the  dark.  The  rule  wtmi 
then  carefully  adjusted  so  as  to  exactly  include  the  cap  between  ite 
inner  edges  :  the  cap  being  considered  to  extend  downwards  from  its 
apex  to  the  tip  of  the  flame.  The  position  of  the  inner  edges  of  the 
rule  were  then  marked  upon  the  paper  strip  by  means  of  a  sharply 
pointed  pencil;  and  the  distance  thus  marked  was  read  off  on  a 
millimette  rule.     This  height  was  manifestly  less  than  the  height  of 
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the  cap,  and  was  corrected  by  multiplying  it  by  the  distance  between 
the  eye  and  the  cap  (230  mm.),  and  dividing  the  product  by  the 
distance  between  the  eye  and  the  glass  (150  mm.). 

It  may  be  mentioned  that  every  reading  was  made  in  duplicate ; 
most  readings  were  repeated  many  times,  and  in  many  cases  were 
taken  by  more  than  one  observer.  Successive  readings  of  the  cap 
produced  by  the  standard  hydrogen  flame  in  the  same  percentage 
of  gas  were  frequently  identical,  and  rarely  differed  by  more  than 
1  mm.  In  the  case  of  flames  which  could  not  be  brought  with 
certainty  to  an  invariable  standard  condition,  the  readings  were 
naturally  less  constant,  but  this  arose  from  no  fault  in  the  method  of 
measurement  adopted. 

The  lamps  used  for  testing  should  be  kept  clean.  Small  open- 
ings protected  by  gauze  must,  if  above,  be  especially  kept  free  from 
obstructive  deposits  of  soot  from  the  flame ;  and,  if  below,  must  be 
cleansed  from  films  of  oil,  which  may  close  the  meshes  of  the  gauze 
entirely. 

It  is  noticed  generally,  that  the  caps  produced  by  low  percentages 
of  gas  are  pale  and  wanting  in  density  and  definition.  As  the  per- 
centage of  gas  increases,  the  cap  gains  in  size,  in  density,  and  in  defini- 
tion, and  wraps  round  the  flame  to  its  very  base.  The  testing  flame 
also  increases  gradually  in  dimensions  as  the  percentage  of  gas  rises, 
and  in  the  presence  of  3  per  cent,  of  gas  and  upwards  the  testing 
flame  becomes  more  bulky,  growing  both  in  height  and  in  girth.  It 
is  therefore  important  to  note  that  the  10-mm.  hydrogen-flame  was 
adjusted  in  gas-free  air,  because  its  size  did  not  materially  alter  until 
over  3  per  cent,  of  gas  was  present ;  the  15-mm.  and  5-mm.  flames. 
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however,  were  adJQBted  in  the  preueoce  of   the  "gae"   which  was 
being  estimated. 

S^iuUi  of  FloTnt-cap  Meaiurements  m  Air  containing  Methane 
(^Firedamp). 

The  gas  nsed  for  theee  experiments  was  prepared  bj  the  nanal 
chemical  method,  which  consiBts  in.  Htrougly  heating  an  intimate 
mixture  of  dried  aodimn  acetate  with  canatic  soda  and  slaked  lime. 
This  prodnct  cannot  claim  to  consist  of  pure  methane,  bnt,  judging 
b;  the  constant  resalts  which  it  yielded  in  the  test-chamber,  the  gas 
mnst  at  least  hare  been  of  fairly  constant  composition. 

The  lamp-flames  naed  were  of  the  following  dimensions,  some  of 
whioh  are  approximate  only.  They  are  drawn  to  size  in  fig.  i,  the 
dimensions  being  shown  in  millimetres  and  in  inches  :  — 


Hnghtinnun. 

p«rtininin. 

10 
16 
S 
BO 
8 
8 
6 

18 
18 

OU  BunB  (flat,  M^Uj  ooniod) . .  ..  { 

The  10-mm.  hydrogen  flame  was  adjnsted  to  ite  height  in  gas-free 
air;  it  remained  unaltered  in  height  nntil  3  per  cent,  of  gas  was 
reached,  when  its  height  increased  by  from  2  to  3  mm. 

The  15-mm.  and  5-ram.  hydrogen  flames  were  adjusted  to  height  in 
the  presence  of  the  gas. 

The  Pieler,  the  bensoline,  and  the  bine  oil-flame  were  each  of  them 
adjusted  in  gas-free  air.  The  faintly  Inminons  oil-flame  was  adjusted 
in  the  air  containing  gas,  the  bright  flame  being  gradually  reduced 
until  the  cap  was  seen  to  be  of  the  largest  possible  dimensions. 

The  following  are  the  corrected  cap-measnremente  expressed  in 
millimetres,  obtained  with  the  flames  of  the  specified  heights ;  the 
caps  are  graphically  represented  in  millimetres  and  in  inches  in  figs. 
5,  6,  7, 8.  In  these  drawings  the  increase  in  dimensions  of  the  testing 
flames,  as  the  percentage  of  gas  rises,  is  not  shown.  All  the  flames, 
with  the  exception  of  the  Fieler  alcohol  fiame,  were  tested  in  the 
Ashworth  lamp. 
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In  cases  where  caps  of  eqaal  height  are  given  for  different  percent- 
ages of  gas,  it  must  be  understood  that  the  higher  percentage  givee  a 
more  dense  and  sharply  defined  cap  than  the  lower  peroentage 
does. 

The  general  conclusions  drawn  from  these  measurements,  and  from 
experience  dcriycd  from  working  with  the  different  lamps,  are  the 
following : — 

1.  The  indications  of  the  Pieler  lamp  begin  at  the  lowest  limit  of 
0*25  per  cent.,  but  quickly  become  too  great  to  be  utilised. 
The  thread-like  tip  extending  above  the  flame  for  several  inchee 
in  pure  air  must  not  be  mistaken  for  a  cap,  but  it  is  scarcely 
distinguishable  from  the  cap  given  by  0*25  per  cent,  of  gas. 

This  lamp  suffers  under  the  disadvantage  that  much  of  the 
feeble  light  of  the  caps  is  lost  by  the  obstruction  of  the  gauze  : 
the  gauze  also  fi*cquently  presents  a  bright  reflecting  surface 
behind  the  flame,  and  this  renders  the  observation  of  the 
cap  impossible.  All  the  otlier  lamps  in  use  are  free  from  the 
interference  due  to  tlie  gauze,  and  if  their  glasses  are  black- 
ened, as  already  described,  they  become  well  suited  for  the 
observation  of  caps. 
The  Ashwortli  benzolinc  lamp  begins  its  indications  doubtfully 
at  0'5  per  cent.,  the  cap  thus  produced  being  more  distinct,  but 
not  greater  in  height,  than  the  mantle  of  the  fianie  seen  in  gas- 
free  air. 

But  starting  with  certainty  with  an  indication  of  1  per  cent.. 
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Fia.  4.— Size  of  LuDp-flamet. 
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The  shidad  flunw  am  of  the  itandard  10  mm.  uie  i  their  oapi  tn  ■howBat'(] 
Tike  dotted  flMne*  knd  MfN  (H^  oonwpond  to  the  flmme  IS  mm.  high  in  tha  | 
The  thive  flgiue*  to  the  right  (H^  repreimt  6  mm.  flunet  and  thair  taift  i  I 


it  gires  strikingl;  regular  mdicstionB  np  to  6  per  oant,  and 
eren  higher  percentages  maj  be  read  off  in  a  lamp  with  m  long 
glaas. 

3.  The  standard  lO-mm.  hydrogen  flame  gives  distinct  indications 

from  0*25  to  3  per  oent. ;  the  cap  then  becomes  too  high  for 
measarement  in  the  lamp ;  but  by  redacing  the  fifune  to  5  mm., 
cap-readings  may  be  taken  np  to  6  per  cent,  of  gas. 

The  lower  indications  may  similarly  be  increased  by  raising 
the  flame  to  15  mm. 

4.  The  oil  flame,  produced  by  unmixed  colza  oil,  gives  no  indica- 

tions with  percentages  below  2.  With  1  per  oent.  of  gae  the 
flame  from  colza  mixed  with  an  equal  volume  of  petroleom 
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Fia.  7. — AotntJ  Dimeniiciiii  of  Beiuoline  Flama  sod  Cftpi. 


Tlie  cohUduoiu  line*  reprsMDC  im&ll  blue  flame*  and  their  cap*. 
The  dotted  lioea  represent  cap*  produoed  irheu  the  flame  iru  adjuitad  k>  m 
maximum  ope. 
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(water- white)  produces  an  apparent  cap,  which,  thongh  some- 
what more  intense  than  the  natm*al  mantle  seen  in  gas-free 
air,  is  only  eqnal  to  this  mantle  in  dimensions,  and  might 
easily  be  mistaken  for  it. 

The  oil  flame,  when  it  is  reduced  until  it  just  loses  its 
luminous  tip,  however,  gives  distinct  indications  from  3  to 
6  per  cent. 

The  largest  indications  are  produced  by  drawing  down  the 
flame  in  the  presence  of  the  gas,  until  a  cap  of  maximum  size  is 
obtained. 

A  carefully  regulated  oil  flame  mayj  therefore,  conveniently  supple- 
ment the  hydrogen  flame  for  the  indication  of  gas  varying  from  3  to 
6  per  cent.,  and  in  the  new  hydrogen  lamp  this  will  be  found  to  be  a 
convenient  method  to  adopt. 

The  use  of  colza  alone  in  the  oil-lamp  is  very  inconvenient  for  gas- 
testing  :  the  wick  quickly  chars  and  hardens  on  the  top,  and  the  flame 
cannot  then  be  reduced  without  danger  of  extinction  ;  the  flame  can 
never  be  obtained  satisfactorily  in  a  non-luminous  oondition.  The 
admixture  with  petroleum  obviates  these  difficulties. 

Results  of  Flame-cap  Mea,surements  in  Air  containing  Coal-gas. 

The  miner's  safety-lamp  is  frequently  employed  for  purposes  of 
illumination  in  gas-works,  and  in  other  places  in  which  the  air  may 
be  contaminated  with  coal-gas.  It  seems,  therefore,  only  reasonable 
to  make  the  lamp  also  serve  the  purpose  of  detecting  the  peroentage 
of  coal-gas  present.  The  amount  of  gas  thus  found  indicates  whether 
the  air  is  in  a  dangerous  condition.  Careful  measurements  were- 
accordingly  made  of  the  flame-cap  heights  seen  over  the  hydrogen 
and  oil  flames  of  the  safety-lamp,  when  it  was  placed  in  the  test- 
chamber  with  air  containing  a  known  admixture  of  Nottingham 
coal-gas. 

The  following  measurements  in  millimetres  were  obtained.  They 
are  represented  graphically  in  millimetres  and  in  inches  in  fig.  9,  but 
no  attempt  is  made  in  these  drawings  to  show  the  marked  increase  in 
dimensions  which  the  test-flame  undergoes  in  the  presence  of  the 
higher  percentages  of  gas  : — 


1893.] 


A  New  Portable  Miner's  Safety-hmp. 


Cp-height  in  mm.  over  hydrogen 
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ducod     until  '  the 
op    is    at    maii- 

16  mm. 

F1»me  reduced  to 

lOmm.  aame. 

B>me. 

6  mm.  in  the  gu. 

0-25 

16-7 

27-8 

_ 

_ 

0-6 

18-4 

87-0 

1-0 

25-8 

80-4 

2-0 

40-8 

S-0 

60  0 

11-6 

16-8 

4-0 

SO-0 

200 

6-0 

BOO 

34-6 

6  0 

~ 

— 

eaten  top 

66-0  (.bout) 

Coal-gat  in  continuous  line*,  natef-ga»  in  dotted  linei. 
HH,  cap  heighta  OTer  10  mm.  itandard  hydrogen  flunp. 
E|H[,  cap  heights  over  hydrogen  flame,  reduced  to  Q  mm.  in  the  presence  of  the 

gM. 

HjH^  cap  heights  otec  IG  nun.  hydrogen- flame. 
00,  cap  height*  otot  oil  flame,  adjusted  until  the 
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On  compariug  these  cap-heights  with  those  for  the  corresponding 
percentages  of  mothaue,  it  will  be  seen  that  they  somewhat  exceed 
the  latter  when  the  hydrogen  flame  is  used,  and  are  somewhat  less 
than  the  methane  cap-heights  when  the  oil  flame  is  employed.  It  is 
important  to  remember  that  this  difference  exists,  if  coal-gas  is  used 
to  represent  firedamp  in  the  test-chamber. 

Observation  of  Flame-caps  in  a  Rapid  Current  of  Air  containing 
Coal-gaSj  and  in  the  presence  of  Goal-dust, 

The  test-chamber  was  originally  introduced  as  a  convenient  fonn 
of  apparatus  for  testing  the  delicacy  of  lamps.  The  chamber  is  far 
less  costly,  and  less  troublesome  in  use,  and  far  more  economical  of 
the  gases  to  be  tested,  than  the  forms  of  apparatus  previously  used  for 
the  same  purpose. 

But  it  has  been  frequently  stated  by  practical  mining  men  that  the 
examination  of  the  flame-caps  in  the  still  air  of  the  test-chamber 
might  lead  to  fallacious  conclasions ;  since  the  **  gas,"  when  tested  for 
ill  the  mine,  was  contained  in  a  rapidly  moving  air-oorrent  caosed  hy 
the  ventilating  fan ;  and  this  movement  of  the  air  around  the  safety- 
lamp  might  entirely  alter  the  character  of  the  flame-caps  which  were 
seen  with  the  same  percentage  of  gas  in  still  air. 

That  any  effect  coald  be  produced  on  the  cap  by  the  movement  of 
air  seemed  extremely  unlikely,  since  no  lamp  is  now  considered  safe 
in  the  mine  the  flame  of  which  is  at  all  affected  by  the  ordinary 
ventilation  current. 

But  whilst  working  with  air  containing  coal-gas,  which  was  easily 
obtainable  in  large  quantity,  the  question  was  put  to  the  test  of 
experiment  in  the  apparatus  represented  in  fig.  10. 

Fio.  10. 


£:. 


I     I 

I 
I 

I 

I 
I 


A  square  wooden  tube,  12  feet  in  length  and  14  inches  square  in 
section,  bad  a  fan,  A,  driven  by  a  little  electric  motor,  pushed  into  one 
end  of  it.  This  fan,  when  in  rotation,  drove  an  air-curreut  at  the  rate 
of  oOO  feet  per  minute  through  the  tube  ;  a  pipe,  B,  supplying  coal-gas 
from  the  mains,  fed  the  gas  into  the  air  current  drawn  by  the  fan. 
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The  gas  was  thoroughly  mixed  with  the  air,  partly  bj  the  action,  of 
the  fan,  and  partly  b;  the  passage  of  the  air  onrrent  through  coarse 
wiro'gaaze  baffles,  G.  The  Ump  was  introduced  through  a  hinged 
wiudow,  D. 

The  hydrogen  flame  in  the  Ashworth's  lamp  was  not  affected  in 
the  least  by  this  air-current.  The  cap  shown  over  the  flame  indicated 
the  presence  of  0'5  per  cent,  of  gas.  At  a  given  signal  the  hinged 
door  E  was  dropped  into  position  Ei,  and  closed  the  tnhe,  and  the  fan 
was  BimnltaneoQBly  stopped.  The  lamp  was  tbns  exposed  to  stUI  air 
of  the  same  composition  as  that  which  was  pruvioasly  in  motion. 
Not  the  slightest  effect  npon  the  Same  or  cap  was  perceptible. 

A  similar  experiment  made  with  the  reduced  oil  flame  of  the  lamp, 
and  with  air  containing  a  larger  percentage  of  gas,  showed  that  the 
air-cnrrent  in  motion  produced  no  effect  on  the  oil  flame  and  its  cap 
other  than  the  quiescent  air  of  the  same  composition  did. 

It  may  be  concluded,  therefore,  that  with  a  good  safety-lamp  the 
test-chamber  indications  are  applicable  to  the  conditions  ordinarily 
found  in  the  mine. 

[February  7. — It  was  found,  howerer,  that  the  presence  of  fine 
«oal-dust  in  very  large  proportion  in  the  air  rendered  the  test-flame  so 
luminous  that  no  cap  conid  be  seen  even  when  gas  was  present.  A  very 
dusty  atmosphere  will  render  gas-tests  impossible  by  all  the  forms  of 
testing  apparatus  at  present  known.  No  interference  arose  from  the 
dust  ordinarily  met  with  in  the  mine.] 

Meettlt*  of  Flatne-eap  Meatwementt  in  Air  containing  Water-gat. 

The  poisonons  nature  of  "  water-gas,"  which  is  produced  by  passing 
steam  over  red-hot  coke  or  charcoal,  is  well  known.  It  ts  due  to  the 
large  proportion  of  carbon  monoxide  present  in  the  gas.  Since 
water-gas  is  free  from  odour,  it  is  very  necesaory  to  find,  if  possible, 
some  delicate  method  of  detecting  it  and  of  measuring  its  amount  in 
air.  Accordingly  the  heights  of  the  fiame-caps  yielded  by  the  hydro- 
gen flame  and  by  the  oil  flame  of  the  safety-lamp,  when  the  lamp 
was  introduced  into  air  containing  known  percentages  of  water-gas 
in  the  test-chamber,  were  measured.  It  was  hoped  that  the  6ame-cap 
test  might  prove  available  for  water-gas,  as  it  is  for  firedamp  and  for 
coal-gas. 

The  samples  of  water-gas  were  prepared  in  the  laboratory  by  pass- 
ing steam  over  red-hot  wood  charcoal  contained  in  a  porcelain  tube. 
The  flame-indications  proved  that  portions  of  the  gas  collected  at 
different  periods  of  the  preparation  were  very  different  in  composi- 
tion; and  a  chemical  analysis  of  the  gas  showed  an  undue  proportion 
of  carbon  dioxide  and  a  deficiency  of  carbon  monoxide.    The  percent- 
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ages  fonnd  were :  carbon  dioxide  18'5,  carbon  monoxide  5*4,  bydrogen 
761. 

In  ibis  gas  tbe  oil  flame  sbowed  no  tmstwortbj  indication  nntil 

4  per  cent,  of  water-gas  was  present,  wben  tbe  beigbt  of  tbe  cap  was 
10*9  mm. ;  tbe  cap  rose  to  15*3  mm.  witb  5  per  cent,  of  water-gas. 
Tbe  cap  over  tbe  standard  bydrogen  flame  was  15*3  mm.  wben  0*25 
per  cent,  of  tbe  gas  was  present,  and  rose  gradually  to  32  mm.  wben 

5  per  cent,  was  present.  Tbese  results  would  indicate  tbe  flame-test 
to  be  of  inferior  delicacy  for  water-gas,  but  tbey  require  to  be 
repeated  witb  water-gas  of  better  quality  before  final  conclusions 
are  drawn. 

[January  27. — Tbe  flame-test,  as  applied  to  water-gas,  was  further 
investigated  in  the  test-cbamber,  by  employing  an  artificially  prepared 
mixture  of  tbe  separate  gases.  This  mixture  approximately  corre- 
sponded to  tbe  average  composition  of  water-gas.  Tbe  percentages 
found  on  analysis  were  as  follows : — 

Hydrogen 49*6 

Carbon  monoxide 40*8 

Carbon  dioxide 2*6 

Nitrogen 7 

Tbe  complete  series  of  flame-cap  measurements  are  tabulated 
below  and  are  graphically  represented  in  fig.  9 : — 


Hydrogen  flame. 

Ferrentage  of 

Cobsa-petrolenm  flame. 

water-gus. 

maximum  size. 

10  mm. 

16  mm. 

6  mm. 

0-25 

10 

26-3 

NU 

Na 

0-6 

14-5 

38 

tt 

10 

17-2 

*9 

2  0 

28-7 

8 

3  0 

81*4 

8 

40 

•36 

9 

6  0 

•40 

ii 

14*6 

6  0 

•50-6 

26 

20 

Percentages  of  carbon  monoxide  in  tbe  air  less  than  0*2  to  0*4, 
wbicb  is  stated  by  the  Prussian  Firedamp  Commission  to  be  a 
poisonoas  proportion,  are  thus  easily  detectible  by  tbe  bydrogen  flame 
test  in  tbe  safety-lamp.] 


*  In  these  measurements  a  delicate  thread  of  flame,  surmounting  the  conical 
cap,  was  not  included. 
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The  Meaturement  of  the  Percentage  of  Oat  t'n  Air  bt/  the  Spiring  of  the 
fttU  Lwminout  Flame. 

It  has  recently  been  Btated  that  the  "  spiriDg"  of  the  fall  bright 
flame  of  the  lamp  is  a  vBiy  delicate  and  trctstwortby  test  for  gas. 
This  effect  ooonrs  irheii  the  flame,  which  has  been  raised  to  the 
verge  of  smoking  in  air  free  from  gas,  is  brought  into  air  containing 
gas.  The  flame  then  stretches  upwards  a  tbin  tongae,  asanmes  a 
redder  tinge,  loses  in  brightness,  and  begins  to  smoke.  It  is  stated 
that  0-5  per  cent,  of  gas  may  thus  be  detected  with  ease  and 
certaint;^.  Experiments  in  the  test-chamber  foiiled  to  detect  0*5 
per  cent,  of  gas  with  an  ordinary  colza-petroleum  Same.  With  a 
benzoline  flame,  howerer,  0-25  per  cent,  was  detectible;  and  the 
spiring  of  the  flame  with  O'S  per  cent,  was  most  pronounced ;  while 
with  1  per  cent,  of  gas  a  very  distinct  red  spiring  flame  was  produced 
which  smoked  freely.  Bnt  it  was  at  once  evident  that  any  sarety-lamp 
flame  when  delicately  adjusted  for  this  test  was  very  easily  made  to 
"spire"  by  causes  other  than  the  presence  of  firedamp;  this  was 
especially  the  case  with  the  benzoline  flame,  which  seemed  to  spire 
spontaneously  at  any  moment. 

When  it  is  remembered  that  the  "  spiring  "  may  be  caused  by  any 
slight  increase  in  the  oil  supply  to  the  wick,  or  by  the  reduction  of 
the  supply  of  air  or  ozj^n  to  the  flame,  arising  from  any  cause  other 
than  the  presence  of  "  gas,"  it  will  be  seen  that  the  indications  cannot 
be  very  trnstworthy.  The  method  is  further  impossible  of  application 
in  many  situations,  since  the  flame  must  be  adjnsted  for  the  test  im- 
mediately before  it  is  applied,  and  this  must  be  done  in  air  free  from 
gas.  Air  known  for  a  certainty  to  be  free  from  "  gas  "  is  not  obtain- 
able in  many  sitnations  where  the  test  wonld  have  to  be  carried  out. 
This  test  further  clogs  the  meshes  of  the  gause  with  soot,  and  this 
impedes  the  proper  action  of  the  lamp. 

The  conclusion,  drawn  from  a  series  of  comparative  experiments 
made  in  the  test-chamber,  was  that  the  flame-cap  teat  when  carried 
oat  in  the  way  already  described,  and  with  the  apparatus  mentioned 
above,  exceeded  both  in  delicacy  and  in  trustworthiness  the  test 
liepeuding  upon  the  "spiring"  of  the  full  bright  flame  of  the  sofety- 

I  have  much  pleasure  in  acknowledging  the  valuable  and  intelli- 
gent assistance  rendered  by  W.  T.  Bigby  in  the  above  investigations. 
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II.  ^'  On  a  Meteoric  Stone  found  at  Makariwa,  near  Invercajv 
gfll.  New  Zealand."  By  G.  H.  F.  Ulrioh,  F.G.S.,  Pro- 
fessor of  Mining  and  Mineralogy  in  the  Uniyersity  of 
Dunedin,  N.Z.  Communicated  by  Professor  J.  W.  JUDD, 
F.R.S.    Received  December  14, 1892. 

(Alsfitract.) 

The  specimen  descrihed  in  this  memoir  was  fomid  in  the  year  1879* 
in  a  bed  of  clay  which  was  cnt  throngh  in  making  a  railway  at  In* 
vercargill,  near  the  sonthem  end  of  the  Middle  Island  of  New 
Zealand.  Originally  this  meteorite  appears  to  haTC  been  about  the 
size  of  a  man's  fist,  and  to  have  weighed  4  or  5  lbs.,  but  it  was 
broken  up,  and  only  a  few  small  fragment49  have  been  preserved.  The 
stone  evidently  consisted  originally  of  an  intimate  admixture  of 
metallic  matter  (nickel  iron)  and  of  stony  material,  but  much  of  the 
metallic  portion  has  undergone  oxidation.  Microscopic  examination 
of  thin  sections  shows  that  the  stony  portion,  which  is  beautifully 
ohondritic  in  structure,  contains  olivine,  enstatite,  a  glass,  and  prob- 
ably also  magnetite,  and  through  these  stony  materials  the  nickel 
iron  and  troilite  are  distributed.  The  specific  gravity  of  portions  of 
the  stone  was  found  to  vary  between  3'31  and  3*54,  owing  to  the  un- 
equal distribution  of  the  metallic  particles.  A  partial  chemical 
examination  of  this  meteorite  was  made  by  the  author  and  Mr.  James- 
Allen,  but  the  complete  analysis  has  been  undertaken  by  Mr.  L* 
Fletcher,  F.B.S.,  of  the  British  Museum.  The  analysis,  which  when 
finished  will  be  communicated  to  this  Society,  has  gone  so  far  as  to 
show  that  the  percentage  mineral  composition  of  the  Makariwa 
meteorite  may  be  expressed  approximately  by  the  following  numbers  r 
nickel  iron  1,  oxides  of  nickel  and  iron  10,  troilite  6,  enstatite  39, 
olivine  44. 


III.  "On   Operators  in  Physical  Mathematics.     Part  I."     By 
OUVER  Heaviside,  F.R.S.     Received  December  15,  1892. 

Connexion  between  a  Flux  and  a  Force  through  an  Operator, 

1.  In  the  investigation  of  physical  questions  we  often  have  to 
answer  such  a  question  as  this  :  Oiven  a  force  /,  a  function  of  the 
time,  acting  at  one  place  in  a  connected  system,  find  the  effect  F,  of 
some  given  type,  produced  by  the  force  at  its  own  or  some  other 
place.  Or  it  may  be  that  it  is  not  an  impressed  force  that  is  given, 
but  displacement  of   some  kind.     Or,  in  order  to  produce  mathe- 
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matical  aimplicity,  we  may  have  a  apaoe-diBtribntion  of  force  or  of 
diBplacGment  given,  wbose  effect  is  required. 

To  answer  the  qneirtdon,  we  may  inTestigato  ike  general  differential 
equation  of  the  syBtem,  find  its  solntioa  (series,  integrals,  dc),  and 
then  introdnoe  speoial  valaes  of  oonatants  or  of  f  onctiona  to  Jimit  the 
generality  of  the  problem,  and  bring  the  eolation  to  satisfy  tbe  re- 
quired conditions.  Details  may  differ  according  to  ciroumBtanoes, 
but  this  may  aerve  to  deacribe  the  usual  process. 

2.  There  is,  however,  a  somewhat  different  way  of  regarding  the 
question.  We  may  say  that  we  have  no  special  conoem  with  the 
general  solution  which  would  express  the  disturbance  anywhere  due 
to  initial  energy  throughout  the  system ;  bnt  that  we  have  simply  a 
connected  system,  a  given  point  (for  example)  of  which  is  subjected 
to  impressed  force,  communicating  energy  to  the  system,  and  we 
only  want  to  know  the  effects  due  to  this  force  itself.  Since, 
therefore,  the  connexions  are  definite,  we  must  have  some  definite 
connexion  between  the  "flux  "  F  and  the  "force"/,  say 

F=T/,  (1) 

where  T  is  a  differentiating  operator  of  some  kind,  a  function  of  djit, 
the  time-differentiator,  for  instance,  when  the  connexions  are  of  a 
linear  nature.  Here  /  is  some  given  function  of  the  time,  and  T 
indicates  the  performance  npon /of  certain  operations,  whose  result 
shonld  be  to  produce  the  required  function  F. 

3.  An  important  point  to  be  noted  here  is  that  there  is,  or  should 
be,  no  indeflniteness  about  the  above  equation.  The  operator  T 
should  be  so  determined  as  to  fully  eliminate  all  indeterminateness, 
and  so  that  the  equation  contains  in  itself  the  fnll  expression  of  the 
connexion  between  the  force  and  the  flux,  without  any  auxiliary  con- 
ditions, or  subsequent  limitations,  except  what  may  be  implicitly 
involved  in  the  equation  itself. 

Determinateneii  of  a  Solution  through  the  Optrator. 

4.  Bnt  as  soon  as  we  come  to  distinctly  recognise  this  determin- 
atencBB  of  connexion,  another  point  of  important  significance  presents 
itself.  It  should  be  possible  to  find  F  completely  from  /  through  the 
operator  T  without  ambiguity  and  without  external  assistance. 
That  is  to  say,  an  equation  of  the  form  (1)  not  only  expresses  a 
problem,  bat  also  its  solution.  It  may,  indeed,  not  be  immediately 
interpre  table,  but  require  conversion  to  some  other  form  before  its 
resultant  meaning  can  be  seen.  But  it  is,  for  all  that,  a  particular 
form  of  the  solntdon,  usually  a  condensed  form,  though  sometimcB  it 
may  be  of  far  greater  complexity  than  the  fnlt  ordinary  solution.  In 
this  respect  the  nature  of  the  function/  is  of  controlling  importance. 
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We  need  not  assert  that  the  determinateness  of  F  from  equation  (1) 
is  trae  for  all  forms  of  the  fnnction  T  that  may  be  written  down 
arbitrarily ;  bnt  that  it  is  trae  in  the  forms  presenting  themselves  in 
dynamical  problems  seems  to  be  necessitated. 

5.  We  have,  therefore,  presented  to  ns  the  problem  of  solving  this 
equation  for  any  particolar  form  of  Y  that  occurs.  This  may  be 
very  easy  and  obvions,  or  it  may  be  excessively  difficult  and  obscure. 
In  the  latter  case  it  may  be  3o  merely  because  we  do  not  know  how 
to  do  it.  Then  we  should  find  out.  As  our  argument  is  that  T  finds 
F  from  /  definitely,  there  should  be  definite  rules  for  the  manipula- 
tion of  the  operator  Y,  or  of  the  expression  Y/,  for  its  conversion  to 
the  form  of  an  ordinary  mathematical  function,  which  will  be  tbe 
solution  in  the  usual  sense,  freed  from  differentiating  operations.  We 
may  find  how  to  work  by  experiment.  For,  if  two  different  methods 
lead  to  different  results,  one  of  which  we  find  to  be  correct  by  in- 
dependent tests,  we  can  safely  assert  that  one  of  the  methods  was 
partly  wrong,  whilst  the  other  may  have  been  wholly  correct.  So  by 
practice  we  may  come  to  know  something  about.it. 

6.  Again,  the  function  Y,  reg^arded  as  an  algebraical  function,  may 
admit  of  different  forms  of  expression.  These  are  algebraically 
equivalent,  but  to  what  extent  they  may  be  equivalent  in  their  ana- 
lytical aspects — ^for  instance,  one  series  involving  differentiations 
equivalent  to  another  involving  integrations,  and  leading  to  results 
which  are  either  identical  or  equivalent — cannot  be  safely  said 
beforehand.  It  is,  in  its  generality,  a  rather  difficult  and  obscore 
matter.  In  special  cases  I  find  that  forms  of  Y  which  are  algebrai- 
cally equivalent  are  also  analytically  equivalent ;  but  I  have  not 
succeeded  in  determining  the  amount  of  latitude  that  is  permissible 
in  the  purely  algebraical  treatment  of  operators.  No  doubt  there  are 
definite  limitations,  but  they  have  to  be  found.  I  have,  however, 
extensively  employed  the  algebraical  treatment  experimentally,*  sub- 
ject to  independent  tests  for  guidance.  It  proved  itself  to  be  a 
powerful  (if  somewhat  uncertain)  kind  of  mathematical  machinery. 
We  may,  for  example,  do  in  a  line  or  two,  work  whose  verification 
by  ordinary  methods  may  be  very  lengthy.  On  the  other  hand,  the 
very  reverse  may  be  the  case.  I  have,  however,  eon  winced  myself 
that  the  subject  is  one  that  deserves  to  be  thoroughly  examined  and 
elaborated  by  mathematicians,  so  that  the  method  may  be  brought 
into  general  use  in  mathematical  physics,  not  to  supplant  ordinary 
methods,  but  to  supplement  them ;  in  short,  to  be  used  when  it  is 
found  to  be  useful.  As  regards  the  theory  of  the  subject,  it  is  in- 
teresting in  an  unusual  degree,  and  the  interest  is  heightened  by  the 
mystery  that  envelops  certain  parts  of  it. 

*  The  reader  wUl  find  examples  in  mj  '  Electrical  Papers/  toI.  2,  of  the  treat- 
ment of  irrational  as  well  as  rational  operators. 
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JBlectromagnetic  Operators. 
7.  Perhaps  tbo  best  way  of  beginaing  the  aabject,  to  obtain  & 
good  idea  of  the  nature  of  the  operators  aod  the  adrantagea 
attending  their  use,  is  throogh  the  theory  of  a  connected  system 
of  linear  electrical  condnctors.  For  the  electrical  equations  seem 
to  be  pecniiarlj  fitted  for  the  illnstration  of  abstract  dynamical 
properties  in  a  clear  manner,  even  when  quite  practical  electro- 
magnetic arrangements  are  concerned.  We  know  that  we  niay,  by 
the  application  of  Ohm's  law  to  every  condoctor  (or  to  circaits  of 
conductors),  express  the  steady  current  C.  in  a  conductor  n  due  to  an 
impressed  force  e,,  in  a  conductor  m  by  an  equation 

C.  =  T„,i,  (2) 

where  Tan  is  some  algebraical  function  of  the  resistances  of  the  con- 
dnctors— usually  of  all  the  resistances,  althongh  in  special  cases  it 
may  become  independent  of  the  values  of  some  of  them.  How, 
suppose  it  is  not  the  steady  current  that  is  wanted,  bat  the  variable 
current  when  e«  varies.  The  answer  ia  obvionsly  given  by  the  same 
equation  when  the  function  Y involves  only  resistances;  that  is,  when 
there  is  no  storase  of  electric  or  magnetic  energy,  so  that  Y  is  a  con- 
stant not  involving  d/dt.  Then  the  flux  and  the  force  keep  pace 
together,  and  their  ratio  does  not  vary.  It  is,  however,  less  obvious 
that  the  same  equation  should  persist,  in  a  generalized  form,  when 
every  branch  of  the  system  is  made  to  be  any  electromagnetic 
arrangement  we  please  which  would,  in  the  absence  of  its  oonnexious 
with  the  rest  of  the  system,  be  a  self-contained  arrangement.  To 
obtain  the  generalised  form  of  Tau  we  have  merely  to  substitute  for 
the  resistances  concerned  the  equivalent  resistance  operators.  That 
is,  instead  of  V  =  BC,  where  Y  is  voltage,  G  cnrrent,  and  S.  resist- 
ance, we  have  an  equation  V  :=  ZC  in  general  for  every  condoctor, 
where  Z  is  the  resistance  operator  appropriate  to  the  nature  of  the 
conductor,  which  may  be  readily  constructed  from  the  electrical 
particulars.  These  Z's  substituted  in  Yna  in  place  of  the  R's  make 
equation  (2)  folly  express  the  new  connexion  between  the  flux  Ch 
and  the  force  e^-  There  is  much  advantage  in  working  with  resis- 
tance operators  because  they  combine  and  are  manipulated  like 
simple  resistances.  Of  course  (2)  is  really  a  differential  equation, 
though  not  in  the  form  usually  given.  To  make  it  an  ordinary 
differential  equation  we  should  clear  of  fractions,  by  performing  such 
operations  upon  both  sides  of  (2)  as  shall  remove  denominators  and 
all  inverse  operations.  It  is  then  spread  out  horizontally  to  a  great 
length  (usually)  and  becomes  very  nn manageable.  Also,  we  lose  sight 
of  the  essential  structure  of  the  operator  Y. 

8.  By  arrangements  of  coils  and  condensers  in  onr  linear  system 
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we  may  constrnct  an  infinite  variety  of  resistance  operators,  and  of 
condactance  operators,  snch  as  Yma  above.  They  are,  however,  alwaya 
algebraical  fiinctions  of  J9,  and  are  finite.  If  expanded,  equation  (2) 
always  becomes  an  ordinary  linear  equation  of  a  finite  number  of 
terms.  Bnt  if  we  allow  conduction  in  masses,  or  dielectric  displace* 
ment  in  masses  (with  allowance  for  propagation  in  time),  the  finite 
series  we  were  previously  concerned  with  become  infinite  series. 
Tliis,  at  first,  appears  a  complication,  but  it  may  be  quite  the  reverse, 
for  an  infinite  series  following  an  easily  recognized  law  may  be  more 
manageable  than  a  finite  series.  Still,  however,  the  equivalence  to 
ordinary  dilPerential  equations  persists,  provided  our  arrangement  is 
bounded.  But  when  we  remove  this  restriction,  and  permit  free  dis- 
sipation of  energy  in  space  (or  equivalently),  another  kind  of  operators 
comes  into  view.  The  complexity  of  the  previous,  due  to  the  reaction 
of  the  boxmdaries,  is  removed ;  simpler  forms  of  operators  result,  and 
they  do  not  necessarily  admit  of  the  equations  taking  the  form  of 
ordinary  dilEerential  equations,  as  they  may  be  of  an  irrational  nature. 
This  brings  ns  necessarily  to  the  study  of  generalised  differentiation, 
concerning  which,  more  presently. 

Operators  admitting  of  Ea^  Treatment, 

9.  In  the  meantime,  notice  briefly  some  of  the  ideas  and  devices 
that  occur  generally  in  the  treatment  of  operators.  First  of  all,  we 
may  obtain  the  steady  state  of  F  due  to  steady  /,  when  there  can  be 
a  steady  state  of  F,  by  simply  putting  p  =  0  in  the  operator  Y  con- 
necting them,  p  meaning  d/dt.  Even  when  there  is  no  resultant 
steady  state  of  the  flux,  as  when  reflections  from  a  boundary  continue 
for  ever,  the  term  F  =  l?o/  has  its  proper  place  and  significance. 

Next,  we  may  notice  that  if  the  form  of  Y  should  involve  nothing^ 
more  than  separate  differentiations,  as  in 

F  =  (a  +  bp  +  cp'+  ....)/»  (3> 

then  all  we  have  to  do  is  to  execute  the  differentiations  to  obtain  F 
from  /.  When  /  is  a  continuous  function,  this  presents  nothing' 
special.  When  discontinuous,  however,  a  special  treatment  may  be 
needed. 

In  a  similar  manner,  there  may  be  only  separate  integrations  or 
inverse  differentiations  indicated  in  Y,  as  when 

F  =  (a+6p-»+cp-»  +  . . . .  )/.  (4.) 

Since  /  is  a  definite  function  of  the  time,  so  are  its  successive  time- 
integrals.     In  this  case,  /  may  be  discontinuous,  and  yet  present  no 
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difficulty.  Suppose  it  is  zero  before  and  constant  after  the  moment 
i  =  0.     Then  we  shall  have 

A  combination  of  direct  and  inverse  operations,  which  frequently 
oocnrs  in  the  theory  of  waves,  is  exemplified  in 

F  =  €-P^/»(a  +  6p-»  +  cp-'  + )/.  (6) 

Here  we  may  perform  the  integrations  first,  getting  the  result 
4>(t)  say,  and  then  let  the  exponential  operate,  giving,  by  Taylor's 
theorem, 

P  =  <t>0-rlv).  (7) 

Or  we  may  let  the  exponential  operator  work  first,  and  then  perform 
the  integrations.  This  may  be  less  easy  to  manage,  on  account  of 
the  changed  limits. 

Two  important  fundamental  cases,  which  constitute  working 
formulflB,  are 

P=^-/,      and     F=-^/,  (8) 

p^a''  p  +  a 

with  unit  operand,  that  is,  /=0  before  and  constant  after  ^  =  0. 
Here  we  may  expand  in  inverse  powers  of  jp,  getting,  in  the  first 
case 

F  =  (l  +  ap-^-f  a'p-'+. . . .  )  =  ^',  (9) 

and  in  the  second  case  €~^,  The  latter  expresses  the  effect  of  a 
unit  impulse  in  a  system  having  one  degree  of  freedom,  with  friction, 
as  when  an  impulsive  voltage  acts  upon  a  coil. 

Solutions  for  Simple  Harmonic^  Impulsive^  and  Continued  Forces. 

10.  A  very  important  case,  admitting  of  simple  treatment,  occurs 
when  the  force  is  simple  periodic,  or  a  sinusoidal  function  of  the 
time.  It  may  happen  that  the  resulting  state  of  F  is  also  sinus- 
oidal. For  this  to  occur,  there  must  be  dissipation  of  energy,  to 
allow  the  initial  departure  from  the  simple  periodic  state  to  subside. 
We  then  havejp'  =  —  n'  applied  to  F  as  well  as  /,  where  n/23r  is  the 
frequency ;  so  that  the  substitution  of  m  for  |>  in  Y  brings  equation 
(1)  to  the  form 

F  =  (Yo-f  Y,i)/  =  (Yo  +  Y,n-'^)/,  (10) 

where  Yo  and  Yi  are  functions  of  n*.  We  now  find  F  by  a  simple 
direct  operation.     This  case  is  eo  important  because  its  application 
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is  so  general,  and  its  execntion  nsuallj  presents  no  difficulties,  whilst 
the  interpretation  of  the  result  may  be  valuable  and  instmctiTe 
physically. 

A  continued  constant  force  of  unit  strength,  commencing  when 
^  =  0,  may  be  represented  by 


TTjo      n         I 


using  a  well-known  integral.  We  may  apply  this  to  equation  (1),  if 
desired,  and  obtain  a  particular  form  of  solution.  And  from  (11)  we 
see  that  a  unit  impulse  is  represented  by 


"'-€ 


COS  nt ,  dn  (12) 

0 

acting  at  the  moment  ^  =  0.  This  is,  of  course,  the  basis  of  Fourier's 
theorem.  But,  instead  of  the  application  of  the  fully  developed 
Fourier's  theorem,  it  is  more  convenient  to  use  (12)  itself.  Thus, 
when  /o  is  an  impulse  acting  when  ^  =  0,  we  have  the  equation 

pfo  representing  the  force.     So,  by  (12), 


F=-^^r 


00 

Ycosn^.dn  (13) 

0 


gives  us  a  particular  form  of  the  solution  arising  from  an  impulse. 
Take  j9  =  nt  in  Y  to  convert  the  quantity  to  be  integrated  to  an 
algebraical  form. 

Since  a  continuously  varying  force  may  be  represented  by  a  suc- 
cession of  infinitesimal  impulses,  we  see  that  a  single  time-integration 
applied  to  (13),  /o  being  then  a  function  of  the  time,  gives  us  a  form 
of  solution  of  the  equation  F  =  T/,  for  any  kind  of  /  and  Y  that  can 
occur.  It  is,  however,  a  theoretical  rather  than  a  practical  form  of 
solution.  For  it  usually  happens  that  the  definite  integral  is  quite 
unamenable  to  evaluation.  The  same  may  be  often  said  of  the  solu- 
tion (13)  for  an  impulse,  and  in  such  cases  it  may  be  questioned 
whether  the  form  F  =  Y/ itself  is  not  just  as  plain  and  intelligible. 
In  fact,  in  certain  cases,  a  very  good  way  to  solve  (or  evaluate)  a 
solution  in  the  form  of  a  definite  integral  is  to  undo  it,  or  convert  it 
to  the  symbolical  form  F  =  Y/,  and  then  solve  it  by  any  way  that 
may  be  feasible.  Nevertheless,  it  is  interesting  to  know  that  we  may 
have  a  full  solution,  and  the  definite  int-eg^rals  are  sometimes  practic- 
ally workable,  or  may  be  transformed  to  easier  kinds. 
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Partial  Fractions  and  Normal  Solutions. 

11,  There  is  also  the  method  of  partial  fractions.  It  is  not  always 
applicable,  and  is  especially  inapplicable  when  the  removal  of 
boundaries  driyes  the  roots  of  the  determinantal  equation  into  con- 
tigaity.  Bat  the  application  is  very  wide,  nevertheless.  Pat 
Z  =  Y~" ;  then  the  solution  of  P  =  Y/,  when/  is  constant,  starting 
when  ^  =  0,  is 

where  2jo  is  the  steady  Z,  got  by  taking  |>  =  o  in  Z,  and  the  summa- 
tion ranges  over  the  roots  of  the  equation  Z  =  0,  considered  as  an 
algebraical  equation  in  p.  That  is,  p  is  entirely  algebraical  in  (14). 
Similarly,  the  effect  of  an  impulse  /o  is  represented  by 

and  from  this  again,  by  time- integration,  we  can  obtain  an  expression 
for  the  effect  due  to  any  varying  /,  which  may  be  quite  as  un- 
manageable as  the  previous  definite  integral  for  the  same.  On  the 
other  hand,  (14)  and  (15)  furnish  the  most  direct  and  practical  way 
of  investigating  certain  kinds  of  problems,  whether  there  be  but  a 
few  or  an  infinite  number  of  degrees  of  freedom.  This  method  is 
the  real  foundation  of  all  formulsd  for  the  expansion  of  arbitrary 
functions  in  series  of  normal  functions.  For,  find  the  impressed 
forcive  that  would  keep  up  the  arbitrary  state.  We  may  then  apply 
the  above  to  every  element  of  the  forcive  to  find  its  effect,  and  by 
integration  throughout  the  system  get  the  arbitrary  functions  ex- 
panded in  normal  functions.  Or,  without  reference  to  impressed 
force,  find  the  differential  equation  connecting  any  element  of  the 
initial  state  and  the  effect  it  produces  later.  It  will  be  of  a  form 
similar  to  our  F  =  Y/,  and  it  may  be  similarly  solved  by  a  series, 
which  contains  the  expression  of  the  expansion  of  the  initial  state  in 
the  proper  functions. 

Or  we  may  investigate  the  normal  functions  themselves,  and  em- 
ploy their  proper  conjugate  property  to  obtain  the  expansion  repre- 
senting any  initial  state.  But  this  method  does  not  apply  very 
naturally  to  equations  of  the  form  we  are  considering. 

Decomposition  of  an  Operator  into  a  Series  of  Wave  Operators, 

12.  There  is  also  another  method  which  contrasts  remarkably  with 
the  previous,  viz.,  to  decompose  the  operator  Y  into  a  series  of  other 
operators  of  a  certain  type  expressing  the  propagation  of  waves.  This 
is  best  illustrated  by  an  example.     Suppose  the  question  is,  given  an 
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impressed  force  acting  at  one  part  of  a  long  telegraph  circuit,  find  the 
effect  prodaced.  One  way  would  be  to  first  find  the  effect  due  to  a 
simple  periodic  force  ;  from  this  the  effect  of  an  impulse  follows  ;  and 
from  the  latter  the  effect  due  to  any  /.  A  second  way  is  by  means  of 
the  normal  functions,  either  through  the  conjugate  property  or  by 
partial  fractions.  Lastly,  we  may  decompose  the  operator  Y  into 
operators  of  the  form  which  would  exist  were  the  circuit  infinitely- 
long,  so  that  the  effect  of  terminal  reflections  and  absorptions  does  not 
appear.     Say  we  have 

F  =  (Yo+Y,+Y,+....)/.  (16) 

Then  F  =  Yo/  will  represent  the  initial  wave  from  the  source  /, 
whilst  the  rest  will  express  the  succeeding  reflected  waves  from  the 
terminations  of  the  circuit.  The  operators  Y^  Ac,  may  be  all  of  the 
same  type,  so  that  it  suffices  to  solve  F  =  Ya/,  that  is,  convert  it  to 
an  ordinary  algebraic  functional  form,  to  obtain  that  form  of  the 
complete  solution  which  has  the  greatest  physical  meaning,  inasmuch 
as  it  shows  in  detail  the  whole  march  of  F  in  terms  of  /.  So  does  the 
solution  in  terms  of  normal  functions,  but  not  immediately,  because 
the  successive  waves  are  expressed  in  the  form  of  an  infinite  series  of 
vibrating  systems.  Their  resultant  effect  cannot  be  seen  at  once. 
We  might,  indeed,  almost  say  that  the  form  of  solution  in  successive 
(or  simultaneous)  waves  was  the  solution,  being  of  the  most  explicit 
nature.  Should,  however,  the  impressed  force  be  of  a  distributed 
nature,  of  the  type  suggested  by  a  normal  function,  for  example, 
then  clearly  it  is  the  expression  in  terms  of  waves  that  becomes  com- 
plex and  unnatural.  We  also  see  that,  although  a  direct  transforma- 
tion from  one  form  of  solution  to  another  may  be  wholly  impracticable 
algebraically,  yet  it  may  be  readily  carried  oat  through  the  function 
Y  as  intermediaiy. 

Treatment  of  an  Irraiional  Operator,     Solutions  in  Ascending  Series, 

13.  The  above  general  remarks  are  necessarily  very  sketchy.  Some 
of  the  matters  mentioned  may  be  returned  to,  but  the  object  of  the 
preceding  is  merely  to  prepare  the  mind  of  the  reader  for  the  more 
transcendental  matter  to  follow.  Let  us  now  consider  how  to  treat 
irrational  operatoi-s  directly,  without  the  assistance  of  definite  integ- 
rals.    The  first  form  that  presented  itself  to  me  was  that  exhibited 

--{mi         <"> 

where  p  is  d/dt  and  R,  S,  K,  L  are  constants.     It  occurs  in  the  theoiy 
of  a  submarine  cable  or  other  telegraph  circuit,  and  in  other  problems. 
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B  and  L  are  themselves  differentiating  operators  of  complicated  form 
in  general,  or,  more  strictly,  B +191  is  a  resistance  operator,  say  B", 
o(  Teiy  complex  form.  Bat  it  is  qnite  safficient  to  take  the  form 
R+Itp,  where  R  is  the  effective  resistance  aad  L  the  inductance  per 
nnit  length  of  circnit.  S  and  K  mean  the  permittance  and  leakage 
condnctance  per  nnit  leagth. 

Now  we  may  readily  obtain  the  simple  periodic  solnlion  out  of  (17), 
by  the  before-mentioned  sabstitntionp  =  tU ;  and  in  doing  so  we  may 
nse  the  general  operator  B",  for  that  will  then  aaaame  the  form 
B+Lp.  From  this  aolntion  a  wholly  nnintorpretable  definite  integral 
can  be  derived  to  express  the  effect  of  an  impnise  or  of  a  steady  im- 
pressed force.  The  qnestion  was,  how  to  obtain  a  plain  understand- 
able solution  from  (17)  itself  to  show  the  effect  of  a  steady  force. 
To  illastrate,  we  may  here  take  merely  the  case  in  which  K  :=  O,  whilst 
B  and  L  are  constants,  becanse  the  inclnaion  of  K  (to  be  done  later) 
considerably  complicates  the  results.    We  have  then  to  solve 

where  a  is  a  constant  and  p  ^  djdt.  The  operand  is  understood  to 
be  unity,  that  is,  /  =  O  before  and  =1  after  (  =  0.  It  is  needless  to 
write  nnit  operands,  and  it  facilitates  the  working  to  omit  them. 
Now,  the  first  obvious  suggestion  is  to  employ  the  binomial  theorem 
to  expand  the  operator.  This  may  be  done  either  in  rising  or  in 
descending  powers  of  p.  Try  first  descending  powers,  since  by  ex- 
perience with  rational  operators  we  know  that  that  way  works.  We 
have 

F  =  (l  +  .p-.)-  =  .-i2+Ld^-l^^+ (19) 

The  integrations,  being  separated  from  one  another,  can  be  imme- 
diately carried  oot  throngh  p-*  =  fj\n,  giving  the  result 

or,  which  ia  the  same, 

p  =  .-Vi.(i'),  (SI) 

where  lo  is  the  well-known  cylinder  function.  Now,  that  tbis  re- 
sult is  correct  may  be  tested  independently,  viz.,  by  ito  correctly 
satisfying  the  differential  equation  concerned  and  the  imposed  con- 
ditions. We  therefore  obtain  some  confidence  in  the  validity  of  the 
process  employed. 
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In  a  precisely  similar  manner  we  may  show  tliat 

Farther  modifications  are  confirmatory.     Thns,  by  maVing  use  of 

/(p)6-'  =  6-y(p+a),  (23) 

we  can  shift  6*^  and  similar  functions  back  and  forth.     Also  using  the 
stock  formnlsd 

-^  =  e^,         _^_  =  c-^,  (23a) 

p—a  p-^a 

we  haye  the  following  transformations^ 

\a+pf  \a+pl  \  p    ' 

\  P   /\p—a/  \p'-a/ 

In  this  we  may  nse  the  resnlt  (22),  and  so  come  round  to  (21)  again. 
From  the  above  we  see  that 

'•c>  =  -(i;y=--"C-^ii)''  (^> 

and  farther,  by  shifting  the  exponentials  to  the  right,  to  make  them 
the  operands  (instead  of  ^, 

'•'•'>=(li-:)'-=(fa)'--'^       <^) 

and  now  further  again,  by  employing  (23a)  in  place  of  the  exponen- 
tials, we  obtain 

which  is  an  entirely  different  kind  of  operator,  since  the  square  of  p 
occurs  under  the  radical  sign,  instead  of  the  first  power.  But  (27) 
may  be  readily  tested  and  found  to  be  not  wanting.  For  expand  by 
the  binomial  theorem,  thus, 

This  may  be  immediately  integrated,  giving  as  result  the  series 

I.(aO  =  l+^^+^+....    .  (29) 
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the  well-known  forranla  for  lo(a^)  in  rising  powers  of  the  square  of 
the  Tariable,  as  reqnired. 

Transformation  to  a  Descending  Series. 

14.  There  is  sncli  a  perfect  harmony  in  all  the  above  transforma- 
tions, without  a  single  hitch,  that  jou  are  tempted  at  first  to  tliink  that 
you  may  do  whatever  you  like  with  the  operators  in  the  way  of  alge- 
bi*aioal  tiunsformation.  There  is  a  considerable  amount  of  truth  in 
this,  but  it  is  not  wholly  true.  I  shall  show  later  some  far  more 
comprehensive  and  surprising  transformations  effected  by  simple 
means.  At  the  same  time  I  should  emphasize  the  necessity  of 
caution  and  of  frequent  verification,  for  no  matter  how  sweetly  the 
algebraical  treatment  of  operators  may  work  sometimes,  it  is  sabject 
at  other  times  (owing  to  our  ignorance)  to  the  most  flagrant  failures. 

But  in  the  above  we  only  utilized  one  way  of  effecting  the  binomial 
expansion.  There  is  a  second  way,  viz.,  in  ascending  powers  of  the 
differentiator.  The  two  forms  are  algebraically  equivalent  so  far  as 
the  convergency  allows,  but  we  have,  so  far,  no  reason  to  suppose 
that  they  are  analytically  equivalent.  Bat  on  examination  we  find 
that  they  are.  Thus,  using  the  first  of  (25)  and  expanding,  we 
get 

v«')=^(i^)'=^(i^^)-'(fj 
=-('-f.+¥(£j--)(^)'-   (*» 

Here  the  operand  is  <•  or  unity.  Or  we  may  make  it  (pl2ay  if  we 
please.  If  we  know  its  value,  as  a  function  of  t,  the  rest  of  the  work 
is  easy,  as  it  consists  merely  of  differentiations.  But  nothing  that 
has  gone  before  gives  any  information  as  to  the  meaning  of  p*,  let 
alone  its  value.  We  may,  however,  find  it  indirectly.  We  may 
prove  independently  that  when  at  is  very  big,  Ig^at)  tends  to  be  re- 
presented by  €«'(23ra^)~*.  From  this  we  conclude  that  the  value  of 
p^  must  be  («r<)-*.     Then  (30)  becomes 

and  now  performing  the  rest  of  the  differentiations,  we  arrive  at 

€^      r         1  1*8*  1*3*6*  1 

which,  on  test,  is  fonnd  to  be  equivalent  to  the  ascending  series  (29). 
Of  course  only  the  convergent  part  of  the  series  can  be  utilized  for 
VOL.  lai.  2  M 
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calculating  the  yalae  of  the  f  anction.  It  is,  howeyer,  the  serieB  for 
praciical  use  when  (U  is  hig  enough  to  make  calculation  by  the  con- 
vergent ascending  series  very  lengthy.  Stop  when  the  conyergency 
of  (31)  ceases.  *  The  result  will  be  too  big.  Leave  out  the  last 
counted  term,  and  the  resalt  is  too  small.  Counting  only  half  the 
last  convergent  term,  the  resalt  is  nearly  right,  being  a  little  too 
big.  There  seems  no  possible  way  of  hitting  the  exact  value.  Bat 
still,  when  at  is  big,  we  can  get  quite  close  enough,  to  four  or 
more  figures,  or  any  other  number  we  please  when  at  is  sufficiently 
increased. 

Fractional  Differentiation. 

15.  Knowing  in  the  above  manner  pi,  the  values  of  |7l,  |>f ,  &c.,  follow 
by  complete  differentiations.  But  although,  on  the  basis  of  the  above, 
a  considerable  amount  of  work  may  be  done,  and  extensions  made, 
yet  it  is  desirable  to  stop  for  a  moment.  For  the  whole  question  of 
generalized  differentiation  is  raised.  The  operator  p\  presents  itself 
in  analogous  problems,  along  with  pi^  &c.  We  want  a  general  method 
of  treating  jj",  when  n  is  not  confined  to  be  integral.  Notice,  however, 
in  passing  a  remarkable  peculiarity  of  the  above  investigation.  If 
we  had  put  L  =  0  in  (17),  as  well  as  K  =  0,  we  should  have  had  the 
form  Y  =zpk  to  consider  at  the  beginning,  with  no  evident  means  of 
treating  it.  By  taking,  on  the  other  hand,  a  more  general  case,  as  we 
did,  we  avoided  the  fractional  differentiation  altogether,  and  easily 
obtained  a  convergent  solution,  viz.,  (21),  through  (18),  (19),  and 
(20).     It  is  not  always  that  we  simplify  by  generalizing. 

The  snm  total  of  the  whole  information  contained  in  my  mathe- 
matical library  on  the  subject  of  generalized  differentiation  is  con- 
tained in  the  remark  made  on  p.  197  of  the  second  part  of  Thomson 
and  Tait's  *'  Natural  Philosophy,'  paragraph  (n),  relating  to  the 
process  by  which  spherical  harmonics  of  any  degree  may  be  derived 
from  the  reciprocal  of  a  distance  : — "  The  investigation  of  this  gene- 
ralized differentiation  presents  difficulties  which  are  confined  to  the 
evaluation  of  P„  and  which  have  formed  the  subject  of  interesting^ 
mathematical  investigations  by  Liouville,  Gregory,  Kelland,  and 
others." 

I  was  somewhat  struck  with  this  remark  when  I  first  read  it,  in 
trying  to  plough  my  way  through  the  fertile  though  rather  heavy  field 
of  Thomson  and  Tait,  but  as  the  subject  was  no  sooner  mentioned  than 
it  was  dropped,  it  passed  out  of  mind.  Nor  did  the  absence  of  any 
reference  to  the  subject  in  other  mathematical  works,  and  in  papers 
concerning  mathematical  physics  generally,  tend  to  preserve  my  re- 
collection of  the  remark.  Only  when  the  subject  was  forced  upon  my 
attention  in  the  above  manner  did  1  begin  to  investigate  it,  and  not 
having  access  to  the  authorities  quoted,  1  was  compelled  to  work  it  out 
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mjaelf.  I  cftnnot  Bay  that  my  reenlts  ar«  quite  the  same,  ihouffh  there 
raiiat,  I  think,  be  a  general  lilcenew.  I  can,  however,  say  that  it  is  a  very. 
interesting  subject,  and  deserves  to  be  treated  in  works  on  the  Integr&l 
Calcalna,  not  merely  as  a  natter  conceniiiig  difierentiation,.  bat 
becauBe  it  caste  light  apon  mathematical  theory  generally,  even  npun 
the  elements  thereof.  And  as  regards  the  following  brief  sketch, 
however  imperfect  it  may  be,  it  has  at  least  the  recommendation  of 
having  been  worked  oat  in  a  mind  nncontaminated.  by  the  prejadices 
engendered  by  prior  knowledge  acquired  at  second  hand.  I  do  not 
say  it  is  the  better  for  that,  however. 


Differentiation  Oenert^itedt 

16.  The  question  is,  what  is  the  meaning  of  y*,  if  v  signify  djdx, 
when  n  has  any  valne  P  This  ia,  no  donbt,  partly  a  matter  of  con 
TCDtion ;  bnt  apart  from  all  conventions,  there  mnst  be  fundamental 
laws  involved.  Now  observe  that  the  effect  of  a  whole  differentiation 
V  upon  the  fnnotion  ir"  is  to  lowwr  the  degree  by  nnity.  This  applies 
nniversally  when  n  is  not  inte^«l.  When  it  is  integral,  there  seem 
to  be  exceptions.  Bat  we  can  scarcely  suppose  that  there  is  a  real 
breach  of  continnity  in  the  property.  We  also  observe  that  a  whole 
differentiation  y  multiplies  by  the  index,  making  yz*  =  nX*~' ;  and 
again  there  are  apparent  exceptions.  Now  the  first  thing  to  do  is  to 
get  rid  of  the  exoeptions.  Next,  the  obvious  conolusion  from  one  y 
lowering  the  index  by  nnity,  v'  by  two,  and  so  on,  is  that  v*  lowers 
the  degree  n  times,  whether  n  be  integral  or  fractional.    Eoi-ther,  since 

when  fi   is    positively  integral,   and    \n    is    the   factorial   function 
1 . 2 . 3 . . . .  n;  and,  similarly, 


whatever  positive  integer  n  may  be,  it  is  ia  agreement  with  the 
previous  to  define  generalised  differentiation  by  the  last  equation,  for 
all  values  of  n,  provided  we  simnltaneoasly  de6ne  |n  to  be  given  by 

l«  =  «l»-'.  (34) 

for  alt  values  of  n  from  -co  to  +oo,  and  to  agree  with  the  factorial 
function  when  n  is  integral,  that  is,  |1_=  1,  |2  =  1 .  2,  |3  =  1 . 2 . 3, 
ic  We  shall  still  call  |n  the  factorial  fanction,  and  (|»)-'  the  ii 
factorial.  ~ 

2  M  2 
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Now,  by  the  above 


«      »• 


V,r  =  ^=l.  (85) 

if  X  be  positive,  as  we  sball  suppose  throughout.     We  conclude  that 
|0  =  1. 

Further  differentiations  give 


We,  therefore,  conclude  that  (|— l)-*  =  o,  (|— 2)-*  =  0,  Ac.,  or  that 

the  inverse  factorial  function  vanishes  for  all  integral  negative  values 
of  n.  We  therefore  know  the  value  of  the  inverse  factorial  for  all 
integral  values  of  the  variable,  and  a  roogh  curve  can  be  readily 
drawn.     Say 

y  being  the  ordinate,  and  n  the  abscissa.  It  has  evidently  a  hump 
between  n  =:  0  and  n  =  1,  is  positive  for  all  +  values  of  n,  asymptotic- 
ally tending  to  the  n  axis  as  n  is  increased,  and  is  oscillatory  on  the 
other  side  of  the  origin.  This  is  not  demonstrative,  but  only  highly 
probable  so  far. 

The  Inverse  Factorial  Functicni. 

17.  Now  seek  an  algebraical  function  with  equidistantly  spaced 
roots  on  one  side  (either  side)  only  of  the  origin.     The  function 

vanishes  at  n  =  1,  2,  3,  &c.,  up  to  r.  It  has  no  other  roots,  and  is 
positive  when  n  is  negative.  Also,  its  value  at  n  =  0  is  1.  Similarly 
the  function 

a+'^)(i+l)(l+f)....(l4-|)  (39) 

vanishes  at  n=  —  1,  —2,  &c.,  up  to  — r;  is  unity  at  n  =  0,  and  is 
positive  when  n  is  positive.  These  functions  are  identically  the 
same  as 

n\  ^(^""^^     n(n~l)(n-2)_^_  ^n(n-l)....(n-r-fl)     .^ 

1 2  |3  •  •  •  •  -  1^  K     ) 

and 

1  +n+  »(»+O..**0*  +  l)(«+J).. . . .      tt(«  +  l)^.(n+r-l) 

'        |2  |3  \r  \     -n 
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where  (40)  corresponds  to  (38)  and  (41)  lo  (39).  At  Brat  sight, 
therefore,  these  functions  might  represent  the  iarerse  factorial, 
positive  or  nef^tive,  on  making  r  infinite,  for  the  valne  at  the  origin 
is  correct,  and  the  vanisbing  points  are  eqnidUtantlj'  spaced  with 
unit  step  all  the  way  to  infinity  on  one  side  only  of  the  origin.  But 
something  else  happens  when  r  is  made  infinite.  The  value  of  (38), 
by  (40),  becomes  (1— l)*,  meaning  the  binomial  expansion  in  rising 
powers  of  the  second  1.  It  is,  therefore,  zero  for  oil  positive  and 
infinity  for  all  negative  valnes  of  n.  Similarly,  (39)  becomes  (l— 1)~', 
whicb  is  sero  for  all  negative  and  infinity  for  all  positive  values 
of  n.  That  is,  from  vanishing  at  detached  points,  the  f nnctions  vaninh 
all  the  way  between  them  aa  well.  Besides,  apart  from  this,  we  cannot 
have  the  valne  of  |n  correct  when  n  is  integral. 

We  may,  however,  readily  set  the  matter  Tight.  Tc^get  rid  of  the 
infinity  on  one  side  and  vanishing  all  over  on  the  other  side  of  the 
origin,  multiply  the  functions  (38),  (40)  by  t-  and  (39),  (41).by  r""^. 
Take 

-^  =  r--(l-l)-  =  r-(l+n)(.l  +  ^)(l+|) (42) 


b 


=  '-(i-i)-  =  '-Ci-'>)  1 


-2-)(^-i) (*^ 


We  now  satisfy  all  the  requirements  of  the  case,  and  whan  r  is  infinite 
make  the  inverse  factorial  curve  (37)  be  a  oontinuous  cnrro  from  —oa 
t»  +00,  subject  to  (34),  in  agreement  with>the  known  values  when  n 
is  poBitively  integral,  and  harmonizing.'  with  the-  generalized  dif- 
ferentiation in  (33). 
Uultiplying  (42)  and  (43)  together,  we  obtain 


;^=(--)K)(- 


(4*) 


The  moltiplicatioQ  therefore  bringsalttheeqnidistant  roots- into  play, 
on  both  sides  of  the  origin. 

This  gives  db  the  valne  of  |— «  in  terms  of  |n^  Only  the  values 
of  \n  from  n  =  0  to  n  =  1  need  be  calculated,  since  (34)  or  (44i^  given 
all  the  rest.     Bnt  if  we  take  n  =  ^  in  (44)  we  obtain 

libi  =  Ubi>'  =  i'. 

therefore  |-J  =  »*,  (45), 

a  fundamental  result.  We  now  know  the  valne  of  |n4-^  when  n  is 
any  integer,  and  this  brings  the  matter  down  to  the  determination 
of  I*  from  n  =  n  to  »  =:  ^,  f or  wliich  a  formula  may  be  used. 
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Interpretation  of  Vanishing  Differential  Coeffioients. 
18.  It  shoald  be  noted  tbat  when  we  say  that 

vr  J  =  1.  (*6) 

\n 

for  all  yalnes  of  n,  the  right  member  is  'really  aP/lo,  and  means  0  on 

the  left,  and  1  on  the  right  side  of  the  origin  of  x.  That  is,  it  is  the 
limiting  form  of  the'  function  x'^l\n^  when  n  ts  infinitely  small  potitive. 

It  is  convenient  in  the  treatment  of  equations  of  the  form  F  =  Y/  to 
have  the'  function  /  zero  up  to  a  certain  point,  with  consequently  F 
also  zero,'  and  then  begin  to  act.  Similady,'  the  expression  V^^/JO,  of 
Vl  or  arV|—l,  although  it  has  the  value  zero  for  aU  positive  values 

of  0^.  is  infinite  at  the  orig^.  But  its  total,  amount  is  finite,  viz.,  1. 
Imagine  the  unit  amount  of  a  quantity  spread  along  an  infinitely  long 
line  to  become  all  massed  at  the  origin.  Its  linear  density  will,  in 
the  limit,  be  represented  by,  as  (12)  is  derived  from  (11), 


VI 


if* 
=  - 1    cos  mx  dx,  (47) 


It  is  zero  except  at  a;  =  0.  /But  its  integral  is  still  finite,  being 
V^l  or  1.  If  we  draw  the  curve  y  =  «*/|w,  with  n  infinitely  small» 
consisting  of  two  straight  lines,  with  a  rounded  comer,  the  curve 
derived  from  it  by  one  difPereiitiation  will  nearly  represent  the  func- 
tion vl,>being  nearly/all  heaped  i;ip  close*  to  the  origin,  and  of  integral 
amount  I.  Similarly  v'l  means  a  double  infinite  point,  v'l  a  triple 
infinite  point,  and  so  on.  But  it  is  the  function  ^l  that  is  most 
useful  in  connexion  with  differentiating  operations,  whilst  the  others 
are  less  prominent. 

Bnt  when  n  is < taken* to  be  infinitely  small  negative  in  y  =  a^/[n, 
then  y  drops  from  co  to  1  near  the  origin,  or  the  comer  is  turned  the 
other  way.  That  is,  the  function  of*  is  unstable  when  n  is  zero.  It 
is  the  difference  of  the  curves  y  =  a^  with  n  infinitely  small  positive, 
and  the  same  with  n  infinitely  small  negative,  that  makes  the 
logarithmic  function  when  infinitely  magnified.  But  we  should  try 
to  keep  away  from  the  logarithm  in  the  algebraical  treatment  of 
operators. 

Connexion  between  the  Fa^^torial  and  Gamma  Functions. 

'18a.  It  will  be  seen  by  (42)  that  our  factorial  function  is  the  gamma 
function  of  Euler  somewhat  modified  and  extended.  Thus,  when  n  is 
greater  than  —  1  we  have 

|n  =  r(n+l),  (48> 
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aod  this  is  also  expresBed  b;  the  definite  integral 

Bnt  when  n  is  less  than  —1  we  bare  the  OBcillatoiy  cnrre  of  t\ 
inverse  factorial,  given  b;  (44).  We  cannot  ose  the  definite  integral 
to  express  |n  when  n  is  less  than  —1.  The  one-sided  reckoning  of 
the  gamma  fanotion  expressed  in  |w  =  r(n  +  l)  is  so  exceedingly 
inconvenient  in  generalized  differentiation  that  the  factorial  fanctlon 
had  better  be  oaed  constantly.  For  completeness  and  reference,  we 
may  add  the  general  formula.  Take  the  logarithm  of  (42)  and 
arrange  the  terms  eoitably,  and  we  obtain 

logtn=-«C+^'s.-^S.+....,  (50)" 

where  B,  =  l+^+^+ (51) 

and  C  =  Si—  log  r  sc  0-5772  ;  (52) 

it  being  understood  in  (42)  and  (52)  that  r  is  made  infinite. 

From  (50)  we  may  obtain  a  series  fbr  the  inverse  factorial  in  rising 
powers  of  n.    TboB, 

i  =  l  +  C«+(C"-S.)j+CC-8CS,+2S0| 

+  (C-6CS.+8CS,+3S,'-6S0j-+ (58) 

As  before  remarked,  only  the  valne  of  |n  from  n  =  0  to  ^  needs  to 
be  calculated.  Any  number  of  special  formuUe  for  |nmaybB  obtained 
from  algebraical  expansions  involving  this  function. 

A  Suggeited  Oottne  Split. 
19.   The  above  split  of  the   function  (sin  nr)/n)r  into   l/|n   and 
l/|— n,  snggests  other  similar  splits.     In  passing,  one  ma;  be  briefiy 
noticed,  the  cosine  split.     Thus,  take 

and  let/(— ti)  be  the  same  with  the  sign  of  n  changed.  Then,  when 
r  =  oo,  we  shall  have 

/(«)/(-«)  =  COS «;.  ■  (55) 
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By  changing  n  to  n+1  we  find  that 


it  j^,\       ^/  \     2»+2r+i 


(56) 


80  that  when  r  =  oo, 


or  («-i)/(n)=/(n-l).  (58) 

When  n  =  0,  (54)  gives  /(o)  =  1.      Then  (58)  gives  /(n)  for  any 

integral  n.     Thus  /(l)  =  2,  /(2)  =  f,  /(s)  =  A»  /W  =  ^»   Ac. 

And  on  the  negative  side  we  have  /(—J)  =  0,  /(— l)  =  —J, 
/(-li)  =  0,/(-2)  =  |,/(-2i)  =  0,/(-3)  =  — VS&c.  The  curve 
is  similar  to  that  of  the  inverse  factorial,  bnt  with  a  much  bigger 
hump  on  the  positive  side,  near  n  =  1.  But  I  have  not  found 
any  use  for  this  cosine  split,  and  we  may  now  return  to  the  other 
one. 

TAe  'EoaponemiiaX  Theorem  OenercUized, 

20.  Althongh  we  cannot,  owing  to  its  limited  applicability,  use 
Euler*s  integral  to  express  \n  generally,  we  may  employ  it  when 

found  convenient,  within  its  own  range,  and  supplement  the  informa* 
tion  it  gives  by  other  means.     Thus,  we  know  that 


'  =  ].-¥"'  ^^^ 

when  n  is  over  —1.    Now  the  indefinite  integral  may  be  exhibited  in 
two  difierent  ways,  say 

J     \n^  \n-H     |n-h2     Kj-3  / 

in  ascending  powers  of   x  multiplied  by  the  exponential  function, 
and  by 


J    n  \n      n— 1      n— 2  / 


(61) 


These  are  true  for  all  values  of  n.  Subtracting  (61)  from  (60)  we 
see  that  the  function  Wi  +  w^^  or  w  say,  must  have  the  same  value  at 
any  two  finite  limits  we  may  choose  for  the  integral.  That  is,  the 
value  of  w  is  independent  of  the  value  of  x. 

Or  we  may  proceed  thus,  and  determine  the  value.  Let  n  be 
greater  than  «—  I,  and  divide  the  integral  (59)  into  two,  one  going 
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from  0  to  «,  the  other  from  z  to  cx>.  For  the  fint  use  (60),  since 
u>,  =  0  when  x  =  0;  and  for  the  second  use  (61),  ainoe  Wi  =  0  when 
z  =  CO.     W«  then  get,  by  (59), 


1   =(«li +  «!,), 


(62) 


or,  which  ia  the  same, 


This  is  proved  when' n  ia  greater  than  —1.  Bnt  the  cfaanfte  of  n 
to  n  — I  in  the  seriea  on  the  right  of  (63)  makea  no  alteration.  We 
therefore  cooolnde  that  the  aeries  ezpreesea  e'  for  all  valaes  oF  it. 

When  n  =  0  or  any  integer,  positive  or  negative,  we  have  the  nsnal 
stopping  aeries  for  e'.  When  n  ia  fractional,  we  obtain  Bemi-con- 
vergent  series.  Of  course  we  obtain  the  whole  series  of  forms  by 
making  n  pass  from  0  to  1.  The  most  interesting  case  is  that  of 
n  ^  '^.     This  givea 


+XZ- 


1.3       1.8. 6, 


211;     {2xy     {iief      (2x)* 


(fit) 


where  the  value  of  |  ^  we  know  to  be  W—\  =  Jt*,  by  (45). 

By  meana  of  this  seriea  we  may  paaa  from  one  to  the  other  of  the 
two  forma  of  evaluation  of  Freanel's  integrala,  due  to  Knoohenbaaer 
and  to  Canchy  respectively,  which  ore  given  in  works  on  Phyeical 
Optics. 

21.  The  function  called  Vi  above  we  may  obtain  in  a  aeries  of 
rising  powers  of  x  withont  the  exponeotial  factor  in  the  following 


manner ; — 


-  =  v-'<F-'v""  =  V"'(V  +  1)"" 


=  ?-'(v+i)-~  =  (v+i)-' 


(65) 


which  is  immediately  integrable  by  the  binomial  expansion ;  4has 

„,  =  V— »-(»+.)v-"+^=^±if^v-"™+.... 


-  ""*'    r.4.11  *■*■  ,  Oi+lKi+2)  "■*' 


(66) 
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To  corroborate  the  method  of  getting  (65)  we  may  use  (60).     For 
this  gives 

«;,  =  £-*V-*'+"(l  +  V-'  +  V-'  +  ....)=e-«V~*-+»>e»  =  (v  +  l)-"*",  (67) 

again,  as  in  (65).  Now  if  we  endeavonr  to  express  toi  in  a  similar 
manner,  we  find  that  it  will  not  work.  Bnt  direct  maltiplioation  of 
the  series  in  the  brackets  in  (61)  by  the  nsoal  expansion  of  e~* 
gives 

.«-*"/i     „  I  "C**-!)     n(n-l)(n-2)  1 

4-*""'  /i     U     !>,  .  (!L::1)(»Z:8)     (n-l)(n-2)(n-8)  ,  1 


!£ 

+... 


,a^+'f      /„,,>>  ,   (»+l)-n     (n+l).n(n-l)  1 

«-+»    r(n  +  2)(n+l)     (n+2)(n+l)n  .  1 

+i^l ^ ja +••••)+ (68) 


or,  which  is  the  same, 


tr«  = 


=  k  (^-^)'+i;^i(^-^)"-'+--  +irri(^-^)'*'+ 


_f^+(«+i),i!!!._(!i±ll(!i±£)^+ (69) 

n-f  1^^    ^^  n  +  2  |2  [n-h3^  "^      ^^ 


Now  the  last  line  we  know  to  express  —  t^i.     Therefore,  by  (62), 
we  get 

1=  i^(i-i)"+^(i-i)»-'+-...+-^(l-i)-+'+ (70) 

\n  n  — 1  n-hl 


and  this  is  the  resnlt  we  shall  obtain  by  multiplying  the  series  ou  the 
right  of  (63)  by  the  usual  expansion  of  €~'.  But  (70)  is  only  a 
special  form  of  a  more  general  formula  that  will  appear  later.  We 
may  use  (44)  to  convert  (70)  to  circular  functions. 

A  Bessel  Function  Oeneralized. 

22.  The  generalized  expansion  of  e*  may  be  at  once  applied  to 
generalize  other  formulaa.     Thus,  we  know  that  the  solution  of 

(v+^v)«  =  u  (71) 
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in  rising  powers  of  at  is 

!.(«)  =  l  +  i 
Pat  a?l4  =  y,  and  it  becomeB 


r  2.  T- 2,^,1-2,^^ -r 


(72) 


W  =  x  +  ^.+  ^g-,+^|,+  - 


Let  tb«  differentiator  d 

written 


'  be  called  A.    Then  (73)  ma;  he  at 


iT-^s-'ir' 


(71) 


There  is  nothing  hypothetical  aboat  this.  Whst  is,  Lowerer, 
entirely  speculative  in  the  absence  of  trial  is  whether  it  is  legitimate 
to  Babatitnte  the  generalized  exponential  for  the  ordinary,  and  there- 
fore generalized  for  complete  differentiations.  Bnt  on  trial  it  will  be 
fonnd  to  work.  Thus,  using  (63)  with  A"'  in  place  of  x,  we  conrert 
(?4)  to 

.=^+^+--+S^+ (") 


writing  u  for  the  tvBalt ;  or,  which  meana  the  aame. 


vhere,  aa  before,  y 
Or 


(im)'^(|m+l)'^"    -^(Im-l)-^  ^     ' 

tf/i  in  connexion  with  the  fiessel  fnuction. 


'lm:^-..£. 


if  n  =  2m.     We  bare  u.  —  ita.t  for  all  ralnea  of  m,  and  u«  =  lo(ie). 

To  test  the  validity  whenm  is  fractional,  take  m  =  ^  or  n=  1, 
then,  by  (77),  we  obtain 


'l(-4-^- 


^Bn'^ 


(78) 


This  will  by  nnmerical  oalonlation  be  found  to  ^ve  the  same  valne  as 
the  series  (72)  for  Io(i).  When  x  is  as  large  as  10  the  valaea  agree 
to  the  fonrth  place  by  the  conveigent  series  In  {7H)  alone,  the  Hemi- 
conrergent  series  in  (78)  having  a  relatively  small  valne.     The  valne 
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I  make  to  be  2815-71  by  the  ordinary  formula,  and  2815*75  by  (78), 
including  the  semi-convergent  part.  But  the  last  two  figures  are 
probably  wrong,  as  there  is  a  good  deal  of  figuring  involyed  in  the 
calculation  of  both  (72)  and  the  convergent  series  in  (78). 

When  smaller  values  of  x  are  taken,  the  numerical  agreement  per- 
sists a8  far  as  the  initial  convergency  of  the  descending  series  permits, 
as  in  the  case  of  the  series  (31),  for  example.  Later  on  I  will  co- 
ordinate (78)  and  (72)  with  the  descending  formula  (31). 

The  companion  formula  to  (78)  is 

2/1      1    .  1'3»     1«3»5 
V  = ^4 


7r\x     iB*      aj* 


__ — L  ....  ) — [x — -4.-__—  ....  ).       (79) 

x'    ^  J     7r\       8»^3V  /  ' 


We  might  expect  this  to  be  a  form  of  the  oscillatory  function  Jo(x). 
But  it  is  not.  It  represents  the  oscillatory  companion  to  Jo(aB))  say 
Go(c),  which  may  be  exhibited  in  an  ascending  series  of  the  whole 
powers  of  c*  together  with  a  logarithm,  so  standardised  as  to  vanish 
at  iuBnity.  This  function  will  appear  later.  The  double  series  (79) 
occurs  in  Lord  Bayleigh's  '  Sonnd.'*  The  series  (78)  I  have  not  come 
across. 

The  Binomial  Theorem  Oeneralited, 

23.  Let  us  next  generalise  the  binomial  theorem   in  a  similar 
manner.     We  have 

(i±?v:-j.+_£_+_^_+....  (80) 


\n  \h     \1   »  — 1      |2   n  — 2 

in  ascending  powers  of  x.     Or 


|n  |»      n— 1     |n  — 2  V   \.»»      |n  — 1  / 

Bat  in  descending  powers  of  a;,  which  is  the  only  other  form  gener- 
ally known,  we  have 


(a; -hi)*  _  «*  1  «*^  .    «•"*     , 

~P"""|n"*^j^"^i2^+""* 


1  /  V'     V* 


•  •  •  • 


)=^-  <«^) 


That  we  may  use  the  generalized  exponential  we  might  infer  from 
the  two  forms  (80)  and  (82)  being  equivalent,  combined  with  previous 

*  See  p.  154,  vol.  2.    That  (79)  ib  Go(')  i*  ^ot  explicitly  shown  there,  but  it  may 
be  readily  deduced. 
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experience  relating  to   the  Bessel  fntiotion.     Using  it  i 
find 


whioli  b;  immediate  integraUon  gives 


^^-•) 


-|».^^ 


+ (84) 

for  all  ralnes  of  m. 

The  case  m  =  0  or  any  integer  is  that  of  (82),  and  m  =  n  is  thnt 
of  (80).  The  whole  series  of  forms  ranges  between  m  =  0  and  m  =  1, 
beoaase  they  recur.     When  m  =:  ^  we  have 


(85) 


If  in  this  we  take  n  ^  1,  we  find  that  the  terms  can  be  arranged 
in  pairs,  thus 


'  !i  It   Hi  \L    HH  a 


-,  which  IB  the  same, 


(87) 


The  best  yalne  of  x  is  obvionsly  1. 

When  two  variables  x  and  y  u«  used  in  the  binomial  theorem,  we 
have,  using  v  for  djdx  and  &  for  fi/fiy. 


(y +'■=)■ 


=  v-"+v~"~"i+  •••• 


We  may  use  any  of  these  forms.     Selecting  the  last  but  one,  and 
using  the  generalised  exponential,  we  have 


1  b 


.+(1^1-*'  +  ....    ]; 


528  Mr.  0.  Heavimde.  [Feb.  2, 

therefore 

■      ~^  + — - — : T'VT  ■!■••••  "t" 


n  m 


n — fn 


+  ....,     («)) 
where  m  may  have  anj  ^alae,  and  x,  y  may  be  exchanged. 

Taylor's  Theorem  QeneraUzed, 

24.  We  may  also  apply  the  generalized  exponential  to  Tay1or*B 
theorem  for  the  expansion  of  a  f  anction  in  powers  of  the  yariable. 
For  this  theorem  is  expressed  by 

/(«+A)  =  €*VW,  (91) 

and,  if  this  be  true  generally,  irrespective  of  the  wholeness  of  the 
differentiations,  we  mnst  have 

(»2) 

Whether  this  is  trne  for  any  function /(a;),  with  the  nsnal  limitations, 
I  cannot  say.     There  are  probably  other  necessary  limitations. 
As  examples,  take  f(x)  =  1.     Then  we  obtain 

i=^rL+_j!:L^r!-+....+/'^''^-'  + (93) 


n    — n 


n—1  1—n  n+1    — ii  — 1 


Here  put  c  =  hjx  ;  then,  by  using  (44),  we  have  the  result 

sinner,    ^  .,  sin(n  +  l)9r  ,  ,    ^  ,sin(n— iV.  /nj\ 

where  c  is  to  be  positive.     When  n  =  ^,  this  reduces  to 

^^  =  «+l_.(,Hi)+i(a'  +  l)-....,  (95) 

where  a  is  written  for  c*.     It  ia  obviously  right  when  a  =  1. 

The  formula  (70)  may  be  derived  from  (94)  by  the  use  of  (44). 


Special  FormulcB  for  Factorials, 

25.  The  binomial  generalization  before  given  is,  of  course,  a  special 
case  of  (92),  namely, /(«)  =  a^/jn.    It  will  be  observed  that  the  iSeries 
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it  ftives  may  be  oonvergent.  Tbos  we  may  obtain  convergent  Bpecial 
formats  for  jn.     Thns,  take  m  =  },  n  =  |  in  (84).     We  obtain 

"^""(iiJ'i    ~» stt;+   s.9.18 /'^^^^ 

and  when  0  =  l,  we  have  the  series 

0)'  (li)*=  i+*(i-«(i-ACi-H(i- (97) 

Similarly,  m  =  |,  n  =  ^,  a;  =  1,  fpTes 

jj^ijji= i-ia-ici-A(i-«a-it(>— ..-,      (98) 

Property  0/  t&e  Generalized  Exponential. 

26.  Notice  that  tlie  operation  v"  performed  upon  the  generalised 
h'  reprodnces  it  when  m  is  integral,  bat  gives  an  equivalent  series 
wben  m  is  fractional.  If,  then,  we  take  the  special  form  of  the 
ordinary  stopping  series  for  V"  to  work  npon,  we  reqaire  to  imagine 
that  the  sero  terms  are  in  their  places,  thns, 

-  =  •■•■ +g+Q+-+'+|+ w 

All  terms  before  the  1  are  sero,  bat  not  their  rates  of  ranation  with 
X  in  the  generalized  sense,  if  we  are  to  have  harmony  with  the 
behavionr  of  the  general  form  of  e*.  This  is  transcendental :  and 
there  is  mncb  that  is  transcendental  in  mathematics. 

The  above  generalizations  are  somewhat  on  one  side  of  onr  sabject 
of  the  treatment  of  operators,  thongh  snggested  thereby.  I  propose 
to  continne  the  main  sabject  in  a  second  paper. 
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IV.  "  On  Cei-tain  Ternary  Alloys.  Part  VII.  Alloys  containing 
Zinc,  together  with  Lead  (or  Bismuth)  and  Cadmium  (or 
Antimony)."  By  C.  R.  Alder  Wright,  D.Sc,  F.R.S., 
Lecturer  on  Chemistry  and  Physics  in  St.  Mary's  Hospital 
Medical  School.     Received  January  5,  1893. 

In  the  previoas  six  papers*  it  has  been  shown  that  when  silver  is 
substituted  for  tin  as  "  solvent "  metal  the  critical  curve  deduced  is 
uniformly  raised,  whether  the  two  immiscible  metals  employed  be 
lead  and  zinc,  bismuth  and  zinc,  lead  and  aluminium,  or  bismuth  and 
aluminium ;  it  was  thought  desirable  to  examine  similarly  the  effects 
of  other  solvent  metals,  more  especially  cadmium  and  antimony,  direct 
experiments  having  shown  that  these  metals  respectively  are  miscible 
in  all  proportions  whilst  molten  with  either  lead,  bismuth,  or  zinc ; 
although  in  some  oases  more  or  less  marked  segregation  of  the  metals 
from  one  another  takes  place  on  cooling  so  that  solidification  commences. 
Accordingly  the  experiments  described  below  were  made  with  zinc  as 
lighter  immiscible  metal ;  but  on  substituting  aluminium  for  zinc,  sa 
as  to  prepare  ternary  alloys  containing  lead  (or  bismuth),  aluminium^ 
and  cadmium  (or  antimony),  it  was  foond  that  the  close  analogy 
between  zinc  and  aluminium  found  in  Part  VI  to  subsist  in  alloys 
containing  one  or  other  of  these  metals  along  with  lead  (or  bismuth) 
and  tin  (or  silver)  breaks  down  with  these  other  combinations ;  in 
the  case  of  the  alloys  where  cadmium  is  the  solvent  metal,  because 
molten  cadmium  and  aluminium  (contrary  to  the  usual  statements  in 
the  text-books)  are  not  completely  miscible  together,  like  zinc  and 
aluminium,  but  behave  as  lead  and  aluminium,  or  bismuth  and 
aluminium,  the  heavier  metal  dissolving  only  a  fevv  tenths  per  cent, 
of  aluminium,  whilst  this  latter  dissolves  only  some  2  or  3  per  cents, 
of  the  other  metal;  and  in  the  case  of  the  alloys  where  antimony  is 
the  solvent,  because  aluminium  and  antimony  combine  together  to 
form  a  most  remarkable  compound,  represented  by  the  formula 
AlSbjt  which  possesses  a  melting  point  higher  by  upwards  of  340®  C. 
than  that  of  the  least  fusible  of  its  constitoents ;  thus,  whilst  an- 
timony melts  at  about  432*  C,  and  aluminium  at  below  700**  C. 
(varying  somewhat  according  to  its  purity  or  otherwise),  the  com- 
pound AlSb  appears  (from  observations  kindly  made  for  the  author 
by  Prof essor  Roberts- Austen  with  the  Le  Chatelier  pyrometer)  to  have 
a  solidifying  point  close  to  that  of  gold,  viz.,  1045**.   The  effect  of  the 

•  Part  I,  *  Roy.  Soo.  Ppoc.,'  toI.  45,  p.  461 ;  Part  II,  toL  48,  p.  25 ;  Part  III, 
vol.  49,  p.  156 ;  Part  IV,  vol.  49,  p.  174 ;  Part  V,  vol.  50,  p.  372 ;  Part  VI,  vol.  52, 
p.  11. 

t  *  Journal  Society  of  Chemical  Industry,'  1892,  p.  492. 
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tendency  towards  the  formation  of  this  difiScaltly  fusible  compound 
with  alluys  richer  in  anUmony  is  to  cAose  a  partial  separation  or 
antimony  and  aluminium  thns  combined  together  in  the  form  of  solid 
particles  when  the  melted  alloy  is  allowed  to  stand  for  some  time  at 
temperatnres  not  exceeding  some  900° ;  which  separation  interferes 
with  the  accorate  tracing  out  of  the  upper  portions  of  the  critical 

The  discussion  in  detail  of  the  reaulte  obtained  with  ternary  alloys, 
containing  simaltaneously  aluminium  and  cadmium  (or  antimony)  is 
postponed  to  a  fature  communication;  bat  it  may  he  here  noticed 
that  ternary  alloys,  each  as  alnmimam,  cadmium,  and  lead,  or 
aluminium,  cadmiam,  and  bismuth,  belong  to  a  class  different  from 
that  of  the  ternary  alloys  hitherto  examined.  Calling  the  three  con- 
stituents A,  B,  and  C  respectively,  three  pairs  of  metals  may  be 
formed,  viz.,  AB,  AC,  and  BC.  In  the  allays  previously  described, 
one  only  of  these  pairs  consists  of  two  metals  not  miscihle  together  in 
all  proportions,  e.g.,  in  the  case  of  lead,  zinc,  and  tin,  the  pair  le&d 
and  zinc  are  immiscible ;  whilst  the  pairs  lead  and  tin,  zinc  and  tin 
are  perfectly  miscihle.  With  alloys  of  the  alamininm-cadmium-lead 
class,  on  the  other  hand,  two  pairs  of  immiscible  metals  exist,  e.g., 
alamininm  and  cadmium,  and  ainminium  and  lead.  The  effect  of 
this  difference  is  to  modify  veiy  largely  the  nature  of  the  critical 
curve  dedncible  by  means  of  the  triangular  method  of  graphical 
representation. 

A  priori,  there  soems  no  reason  why  a  ternary  alloy  could  not  exist 
of  a  third  class,  where  all  three  pairs  of  metal  are  immiscible ;  hitherto, 
however,  the  author  has  not  met  with  sach  a  case  in  actaal  piactice. 
If  mixed  in  approximately  eqnal  qoautitieB  of  the  three  conBtitneuta, 
such  an  alloy  should  divide  itself  into  three  different  ternary  alloys, 
forming  three  different  layers,  viz.,  one  cousisting  of  A,  with  a  small 
admixture  of  B  and  C ;  another  chiefly  containing  B,  with  a  little 
A  and  C ;  and  a  third  principally  cousisting  of  C,  together  with  a 
little  A  and  B.  Although  metallic  mixtures  of  this  class  have  not 
been  obtained  so  far,  other  sets  of  three  liquids  have  been  foimd 
possessing  this  pecaliar  physical  character ;  thus  a  mixture  of  w  ilar, 
cattor  oil  (genuine — not  largely  adulteiated  with  other  kinds  of  fixed 
oil],  and  petrolewm,  kydrocarbont  (such  as  ordinary  kero^ine)  separates 
into  three  layers  when  well  shaken  up  and  then  allowed  to  stand. 

Alloys  conlaimTig  Zinc  with  Lead  (or  Biamnth')  anti  Cadm'oi'm  at 

Solvent, 

The  experiments  were  carried  out  with  the  lead  bath  atrangement 

in  precisely  the  same  way  as  before,  the  weighed  metals  being  fused 

together  with  a  little  cyanide  of  potassium,  and  well  intermixed. 
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ponred  into  hot  clay  test-tnbes,  and  kept  7 — 8  hours  in  the  lead  bath. 
To  diminish  possible  volatilisation  of  cadminm,  the  temperature 
employed  was  somewhat  lowered,  so  that  ifc  always  lay  between  550^ 
and  650°,  averaging  near  to  600°. 

The  analysis  of  the  alloys  containing  lead,  zinc,  and  cadmium  was 
effected  by  dissolving  in  nitric  acid  and  evaporating  with  solphoric 
acid ;  the  filtrate  from  the  lead  snlphate  was  dilnted,  further  acidulated 
with  hydrochloric  acid,  and  treated  with  sulphuretted  hydrogen  till  all 
cadmium  was  precipitated.  The  cadmium  sulphide  thus  thrown 
down  generally  carried  down  more  or  less  zinc  sulphide ;  to  separate 
thb,  the  mixed  sulphides  were  dissolved  in  a  little  hot  concen- 
trated hydrochloric  acid,  diluted,  and  again  treated  with  sulphur- 
etted hydrogen,  the  process  being  repeated  when  necessary,  till  no 
more  zinc  was  contained  in  the  filtrate.  The  cadmium  sulphide 
finally  obtained  was  dissolved  in  hydrochloric  acid,  and  bromine 
water  added  in  excess  to  destroy  sulphuretted  hydrogen ;  finally, 
the  cadmium  was  precipitated  boiling  by  sodium  carbonate,  and 
ultimately  weighed  as  CdO.  The  acid  liquors  containing  zinc  were 
united  and  treated  with  ammonia  and  anmionium  sulphide,  the  zinc 
sulphide  being  finally  converted  into  carbonate  and  weighed  as  ZnO, 
correction  being  made  for  traces  of  Fe^Os  when  present. 

The  alloys  containing  bismuth  instead  of  lead  were  examined  in 
the  same  way,  excepting  that  the  alloy  was  dissolved  in  nitro-hydro- 
chloric  acid,  and  the  solution  evaporated  to  dryness  and  treated 
with  a  large  bulk  of  water,  so  as  to  separate  the  bismuth  as  oxy- 
chloride.  This  oxychloride  was  boiled  with  ammonium  sulphide  to 
remove  chlorine  (which  is  apt  to  interfere  with  proper  conversion 
into  carbonate),  and  the  resulting  bismuth  sulphide  dissolved  in 
nitric  acid,  the  solution  being  precipitated  boiling  with  ammonia 
and  ammonium  carbonate,  and  the  bismuth  finally  weighed  as 
Bi,0,. 

Mixtures  of  Leady  Zinc,  and  Cadmium. 

The  following  figures  were  obtained  as  the  averages  from  the 
examination  of  24  compound  ingots  (48  alloys).  In  the  mixtures 
used  for  deducing  the  earlier  ties,  the  lead  and  zinc  were  used  in 
about  equal  quantities ;  subsequently  the  proportion  of  lead  was 
increased  relatively  to  the  zinc,  until  finally  the  two  metals  were 
employed  in  about  the  ratio  10  to  1,  this  being  found  necessary  to 
bring  about  the  formation  of  the  lighter  and  heavier  alloys  in  not 
widely  different  quantities.  The  percentages  are  uniformly  reckoned 
on  the  sum  of  the  weights  of  the  three  metals  found  as  100. 
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Vi^.  1  repiGBents  tbeM  Talaes  plotted  on  the  triuigDlu:  s^Btem,  the 
intOTiial  dotted  line  being  tha  oorre  obt&ined  for  the  temperfttaro 
650°,  with  tin  w  solvent  metal  (Part  V).  The  poeition  of  tha  limit- 
ing point  L  dednced  by  Stokes'  Moond  method  is  that  where  A+A' 
=  73-0,  and  B+B'  =  5-S ;  whence- 
Lead 36-5 

Zinc 2-9 

Cadmium 60'6 

100-0 

This  corresponds  with  a  ratio  between  lead  and  zinc  not  far  from 
that  indicated  by  the  formnia  Pb,Zn,  widely  different  from  the  oor- 
respondiog  ratios  fonnd  when  tin  and  silver  were  the  solvent  metals, 
respectively  close  to  PbZnt  and  PbiZn, 

The  six  tie  lineS)  Nos.  4  to  9,  all  spring  from  points  very  cloeu 
together  on  the  left-hand  branch  of  the  cnrve,  although  the  respec- 
tive conjugate  pointe  on  the  right-hand  branch  are  widely  divergent. 
The  centre  of  this  cluster  of  points  is  near  the  point  P,  giving  the 
values 

Cadminm 2*2 

I^cad   76 

Zinc    2 

100 

which  figures  represent  a  ratio  between  cadminm  and  lead  close  to 
that  indicated  by  the  formula  PbtCd. 
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Cd.. 
Pb,   . 


CaJcuktnl. 

.        21-3 
.       78-7 

lOCM) 


1000 


Obviously,  this  configuration  strongly  saffgeaia  that  a  definite 
atomic  componnd  Pb,Cd  exists,  the  tendency  towards  the  forma- 
tioii  of  whicli  is  the  caose  of  the  convei^ence  together  of  the  tie  lines ; 
as  in  the  analogoas  case  with  lead-zinc-tin  alloys  (Part  V),  where  a 
sioiilar  convergence  sa^ccBts  the  existence  of  the  definite  oompoand 
SnZn,. 

Some  obaei-\-atiiinR  were  made  at  temperatures  a  little  higher  than 
those  empl'jyed  in  the  foreffoing  experiments,  the  result  of  which 
was  to  indicate  tliAt  the  critical  curve  is  somewhat  rapidly  lowered  in 
position  with  a.  rnised  tcmperatnre,  at  any  rate,  as  regards  its  upper- 
most  portion.  Thus,  at  temperatures  ranging  between  600'  and  700% 
and  averaging  about  650°,  or  some  50°  higher  than  before,  it  waa 
fouud  that  no  separation  at  all  took  place  with  a  mixture  containing 
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Cadminm 67-8 

Lead 19C 

Zinc 12-6 

1000 

This  mixtnro  in  represented  by  the  point  C  in  Fig.  1,  obrionflly 
lying  distinctly  iniide  the  critical  cnrve  for  about  600°,  although 
necessarily  oittgide  that  for  about  650°. 

Similarly,  four  mixtaren  that  did  separate  at  650°  gave  points 
belonging  to  a  cnrre  lying  well  inside  that  obtained  as  above  for 
about  600";  averaging  the  results  in  pairs  as  nsoal,  the  following 
vaincs  were  obtained  : — 


H<«Ticr  alloy. 

Zinc 

LigUlcrnlloy. 

OMimiiiiii. 

LMd. 

hfd. 

Zinc. 

a '11 

76-44 
7* -98 

1-46 
8-SO 

63-96 
W-SB 

19 -BO 
18 -8S 

16 -4S 
18-80 

The  line  AB  represents  the  portion  of  the  right-hand  branch  of  the 
critical  cnrre  thns  traced  «at  at  about  650°,  obTionsl;  lying  well 
inside  that  foimd  at  near  600° ;  the  corresponding  points  on  the  left- 
hand  branch  lie  close  to  the  point  P,  approximately  correeponding 
with  the  ratio  Fb,Cd. 


Miseturei  of  IJvniHth,  Zitte,  and  Oadmium. 

A  series  of  twenty  componnd  ingots  (forty  alloys)  gave  the  follow- 
ing average  resnlts ;  in  the  earlier  cases  the  bismnth  and  sine  wdre 
employed  in  eqnal  qnantities ; '  in  the  later  ones  the  proportion  of 
sine  was  increased  np  to  1^  times  the  bismnth : — 
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Fig.  2  reprcseiitB  these  values  plotted  on  the  triangular  syatem ;  the 
oater  dotted  line  (No.  1)  being  tlie  onrve  above  described  obtained 
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with  lead,  zino,  and  cadcaiam,  uxi  the  ianer  one  (No.  2)  that  ob- 
tained at  650°  with  biamnth,  zinc,  and  tin  (Part  Y).  The  position  of 
the  limiting  point  L  is  dednced  by  Stokes's  2nd  method,  as  that 
nhere  A+ A'  =  39  and  B+B'  =i  57,  whence 

Bismath 19*5 

Zinc    28-5 

Cadminm 52-0 

1000 

This  correaponds  with  a  ratio  between  bismath  and  zino  <JoBe  to 
that  indicated  hy  the  formula  BiZn, ;  the  corresponding  ratios  pre- 
vionsl;  found  with  tin  and  silver  as  solvent  metals  being  respectively 
close  to  BiZn^  and  BiZni- 

The  three  points  marked  A,  B,  C,  lying  outeide  the  critical  carve, 
repT^sent  the  compositions  of  three  mixtnres  that  did  not  separate  at 
temperatnreB  lying  near  to  600",  the  mean  temperatnra  correspond- 
ing with  the  oritical  oarve  delineated ;  on  the  other  hand,  (he  points 
D  and  £,  lying  ituide  the  critical  cnrre,  represent  two  mixtnres  that 
did  not  separate  when  the  temperatare  was  somewhat  raised  (to  near 
650°)  ;  showing  that  with  mixtures  of  bismuth,  zinc,  and  cadminm, 
OS  with  those  of  lead,  sine,  and  cadmiom,  a  considerable  depression  of 
the  upper  part  of  the  ontical  cnrre  is  brought  abont  by  a  compara- 
tively slight  elevation  of  temperature. 


A. 

B. 

0. 

D. 

E. 

23 -M 
B4-49 
28  17 

SO -29 
(7  38 
28  SS 

18-71 
63-89 
27-40 

2L-60 
68-80 
26-80 

91-06 
61-00 
27-96 

Osdmiimi    

100 -OD 

100-00 

100' 00 

100-00 

100-00 

On  contrasting  together  the  two  critical  curves  thus  obtained  with 
cadmium  as  solvent  it  is  noticeable  that  in  this  cose  also  the  same 
rale  is  observed  as  was  found  to  hold  in  all  the  previously-described 
cases,  viz.,  that.,  oat«rii  paribut,  tlu  mbiHtution  of  bitmvth  for  »ine  as 
the  heavier  of  tbe  two  immiscible  metals  depratiet  the  curve.  As 
regards  the  direction  of  slope  of  the  tie  lines,  however,  it  is  remark- 
able that  with  cadmium  as  solvent  the  ties  slope  nuiformly  to  tbe  le/l 
with  lead,  and  to  the  right  with  bitmuth,  as  the  heavier  immiscible 
metal.  With  silver  as  solvent  all  ties  slope  to  the  left  whether  lead 
or  bismuth  be  the  heavier  immiscible  metal,  and  whether  zinc  or 
aluminium  be  the  lighter  one  i  whilst  with  tin  as  solvent  the  opposite 
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is  the  case,  the  tics  here  all  sloping  to  the  rights  vdiYi  the  exception  of 
the  lower  ties  in  the  case  of  the  mixtures  lead-tin-zinc  and  lead-tin- 
alumininm;    this  exception  heing    presamablj   due,   as   previonslj 
described,  to  the  iuflaencc  of  the    endencj  towards  the  formation  of 
a  definite  compound  of  lead  and  tin,  PbjSn. 

Alloys  containing  Zinc  with  Lead  {or  Bismuth)  and  Antimony  as  Solvent, 

These  experiments  were  made  in  the  same  way  as  before,  the  only 
difference  being  that  the  temperatures  at  which  the  miztnrea  were 
kept  in  tranqnil  fusion  lay  between  600°  and  700°,  averaging  near 
to  650°. 

The  resulting  alloys  were  analysed  by  dissolving  in  diluted  aqua 

regia,  precipitating  by  sulphuretted  hydrogen  (after  copious  further 

dilution),  separating  antimony  from  lead  (or  bismuth)  sulphide  by 

repeated  treatment  with  ammonium  sulphide,  and  finally  collecting  on 

a  weighed  filter  the  mixed  sulphur  and  antimony  sulphide  thrown 

down  on  acidulating  the  filtrate,  and  heating  a  known  fraction  of 

the  dried  precipitate  in  a  current  of  carbon  dioxide  so  as  to  expel 

sulphur  and  leave  antimony  sulphide.     In  the  case  of  lead  alloys  the 

lead   sulphide  left  undissolved  was  dissolved  in  nitric  add,  eva^ 

porated  with  sulphuric  acid,  and  the  lead  sulphate  finally  obtained 

weighed  as  such;  when  the  acid  filtrate  from  this  contained  small 

quantities  of  zinc  (as  occasionally  happened,  owing  to  zinc  snlphide 

being  carried  down  along  with  lead  and  antimony  sulphides)  this 

liquid  was  added  to  the  first  zinc-containing  filti-ate,  and  the  two 

jointly  precipitated  with  ammonia  and  ammonium  sulphide,  the  aiuo 

being  ultimately  transformed  into  carbonate,  and  weighed  as  ZnO  as 

usual,  correction  being  made  for  traces  of  FcsOs  when  present.     In 

the  case  of  bismuth  alloys,  the  bismuth  sulphide  left  undissolved  by 

ammonium  sulphide  was  dissolved  in  nitric  acid,  and  precipitated 

boiling  by  ammonibm  carbonate.     When  zinc  was  present  (carried 

down  as  sulphide,  as  before)  this  was  chiefly  found  in  the  ammoniam 

carbonate  filtrate  ;  sometimes,  however,  traces  were  carried  down  with 

this  basic  bismuth  carbonate  ;  these  were  separated  by  dissolving  the 

weighed  impure  Bi20t  in  hydrochloric  acid,  evaporating  to  dryness, 

diluting  the  residue  largely  with  water,  and  filtering  off  from  the 

precipitated  bismuth  oxychloride. 

In  all  cases  the  analyses  were  calculated  taking  the  sums  of  tlie 
weights  of  the  three  metals  found  as  100. 

Mixtures  of  Lead,  Zinc,  atvd  Antimony, 

The  following  average  values  were  deduced  from  fourteen  com- 
pound ingots  (twenty-eight  alloys),  the  proportion  between  lead  and 
zinc  throughout  being  near  to  equality  : — 
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Pig.  3  repreeents  these  valnes  plotted  on  the  triangular  ayBt«m,  the 
exterior  dotted  line  indicating  the  corresponding  cnrre  obtained  with 
tin  as  solvent  instead  of  antimony  (Part  V).  The  points  marked  A 
and  B  represent  two  alloys  that  did  not  separate,  containing 
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Lead 41*5 

Zinc   30-0 
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B. 

30-8 
32-2 
37-0 


1000  1000 

By  means  of  Stokes*  first  method  the  values  for  the  limiting  point 
are  dedaced  as  being  A— B  =  4,  O  +  C  =  53 ;  whilst  hj  meftns  of 
the  2nd  method  the  following  valaes  are  found,  A  + A'  =  75,  B  +  B' 
=  72 ;  leading  to  the  final  result 

Ist  Method.  2nd  Method.  BCean. 

Lead 3875  375  381 

Zinc 34-75  360  35*4 

Antimony    ..       2650  265  26-5 


100-00  1000  100-0 

This  indicates  a  ratio  between  lead  and  zinc  near  to  that 
sented  by  the  formula  PbZui ;  the  corresponding  ratios  found  with 
tin,  silver,  and  cadmium  as  solvent  metals  being  respectively  near  to 
FbZn«,  PbaZn,  and  PbiZn. 

Mixtures  of  Bismuth^  Zitkc^  and  Antimony. 

The  following  average  values  were  deduced  from  the  ^^ftntinatiffn 
of  twenty-eight  compound  ingots  (fifty-six  alloys) ;  in  the  earlieat 
case.)  the  ratio  of  zinc  to  bismuth  was  that  of  equality ;  later  it 
iiiised  successively  to  2  :  1  and  3:1,  and  finally  to  7  :  2 : — 
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Fig.  4  represente  these  valnea,  the  enter  dotted  line,  No.  1,  in- 
dicating the  corresponding  cnrve  for  lead -zinc-antimony  alloys,  and 
that  marked  No.  2  the  similar  carve  for  bismnth- zinc -tin  alloys 
(Part  V),  all  referring  to  the  same  average  temperature  of  650°,  or 

thereahonte. 


The  points  marked  A,  B,  C,  D  indicate  four  mixtures  that  did  not 
separate ;  viz. : — 


X.          \          B. 
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]>. 
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11 -71 
60  17 
88  12 

14 -G 
4s!-7 
42-7 

11 -e 

44-2 

44 -a 

15  63 
53-48 

100-00 

100-0 

100-0 

100-00 

By  means  of  Stokes'  second  method,  the  limiting  ralaos  are  deduced, 
A-)- A'  ^  45'i>,  B-l-B'  =  119'5  ;  whence  the  composition  at  the 
limiting  point  is — 
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Antimony 17*50 

Bismuth 22*75 

Zinc 59*75 
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100*00 


Here  the  bismuth  and  zinc  are  in  proportions  near  to  those  indicated 
by  the  formula  BiZng ;  with  tin,  silver,  and  cadmium  as  solvent 
metals  the  corresponding  proportions  were  respectively  near  to  those 
indicated  by  BiZuio,  BiZuj,  and  BiZn«. 

It  is  noticeable  that  the  limiting  point  thus  deduced  is  the  highest 
point  of  the  entire  curve ;  whereas,  in  every  one  of  the  other  eleven 
curves  so  far  investigated,  the  limiting  point  lies  on  one  side  or  the 
other  of  the  highest  point,  and  more  or  less  lower  down. 

Two  remarkable  irregularities  are  visible  in  the  contour  of  the 
above-deduced  critical  curve  for  antimony-bismuth-zino  alloys ;  on 
the  right-hand  side  a  peculiar  notch  or  depression  is  noticeable, 
strongly  suggesting  a  phenomenon  similar  in  character  to  that  pre- 
viously observed  in  the  case  of  silver-zinc-lead  and  silver- zinc-bismnth 
alloys  ;  t.0.,  the  formation  of  a  definite  compound  of  solvent  with  one 
of  the  two  immiscible  metals  more  soluble  in  the  other  of  these  two 
metals  than  any  other  neighbouring  mixture  of  the  two  in  other  pro- 
portions. On  the  left-hand  side  an  analogous,  but  far  wider,  de- 
pression is  observable.  These  depressions  reach  their  greatest  depths 
at  the  7th  tie  line,  where  at  each  of  the  two  conjugate  points  the 
ratio  between  the  bismuth  and  antimony  present  is  not  far  from  that 
corresponding  with  the  formula  BisSbs. 


Left  hand 
(heavier  alloj). 


Antimony. . 
Bismuth  . , . 


251 


11-74    = 
3505     =     749 


46-79 


100-0 


Calculated 

for 

Sb,Bi,. 

27*8 
72-2 


1000 


Right  hand 
(lighter  alloy). 


5*54     =     32-9 
11-26     =     671 


16-80 


1000 


Experiments  now  in  pi-ogress  indicate  that  an  analogous  depression 
exists  in  the  critical  curve  obtained  with  antimony-bismuth. aluminium 
alloys,  also  most  stroRfj^ly  marked  at  a  point  where  the  bismuth  and 
antimony  are  in  proportions  not  far  from  that  corrcsponHing  with 
BisSb,. 

On  comparing  together  the  two  curves  deduced  with  antimony  as 
solvent  it  is  noticeable  that  they  sliow  the  same  general  characters  as 
the  corresponding  pair  of  curves  similarly  obtained  with  cadmium  as 
solvent ;  i.e.,  whilst  the  curve  with  bismuth  as  heavier  immiscible 
metal  lies  inside  that  with  lead  (as  in  all  other  similar  cases  as  yet 
examined),  the  direction  of  slope  of  tie  lines  is  o])posito  in  the  two 
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cases ;  viz.,  uniformly  to  the  right  with'  biemiUh  ftnd  to  the  Uft  with 
had.  It  is  remu-kahle,  however,  that  this  relationship  does  not  hold 
when  alnminiom  is  snbstitnted  for  zinc,  the  experiments  now  in  pro- 
greiui  indicating  that  the  ties  then  alwayi  slope  to  the  left,  whether  load 
or  biRmuth  be  the  heaTier  immiscible  metal. 

Oa  comparing  together  the  three  sets  of  critical  cnrres  dednced  for 
temperatnree  not  far  apart  (600 — 650°)  with  tin,  cadmium,  and 
antimony  respectively  as  solvent  metal,  it  is  noticeable  that  whether 
bismnth  or  lead  be  the  heavier  immiscible  metal  the  carve  with 
cadmium  as  solvent  lies  outride,  and  that  with  antimony  intide,  the 
cnrre  deduced  with  tin  as  solvent.  The  onrveB  obtained  with  silver 
as  solvent  cannot  properly  be  directly  compared  with  these  on  acconnt 
of  the  higher  temperatures  (800 — 870")  employed  ;  but,  judging  from 
the  marked  eSect  of  a  rise  of  temperature  in  depressing  the  critical 
curves  obtained  with  cadmium  as  solvent,  it  seems  probable  that  for 
the  same  temperature  the  curve  with  silver  as  solvent  would  be  fonnd 
to  lie  oultide  of  that  with  cadmium  at  tolvent,  the  two  immiscible 
metals  being  the  same.  At  any  rate,  in  all  cases  the  carve  with 
silver  as  solvent  lies  far  outaid^  that  similarly  obtained  with  tin  as 
solvent. 

In  the  case  of  alloys  containing  aluminium  as  lighter  immiscible 
metal,  it  has  been  shovrn  (Part  VI)  that  with  silver  as  solvent  the 
critical  curve  also  lies  outtide  that  obtained  with  tin  as  solvent, 
whether  bismuth  or  lead  he  the  heavier  immiscible  metal.  The 
experiments  now  in  progress  seem  to  indicate  that  the  correBponding 
curves  with  antimony  as  solvent  lie  again  inside  the  curves  deduced 
with  tin  as  solvent.  As  already  stated,  corresponding  curves  with 
cadminm  as  solvent  cannot  be  obtained,  as  the  immiscibility  of 
alaminiam  and  cadmium  causes  the  resnlting  ternary  alloys  to  belong 
to  an  entirely  different  class,  the  critical  curves  pertaining  to  which 
cannot  be  directly  compared  with  those  belonging  to  ternary  mixtures 
analogous  to  the  twelve  so  far  investigated. 

Unch  of  the  analytical  work  requisite  for  the  above  experiments 
was  carried  out  by  Mr.  Sydney  Joyce,  to  whom  the  author's  acknow- 
ledgments are  due  for  the  assistance  rendered. 
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I.  "  Preliminary  Account  of  the  Arrangement  of  the  Sympa- 
thetic Nervous  System,  baaed  chiefly  on  Observations 
upon  Pilo-rootor  Nerves."  By  J.  N.  Lanoley,  F.R.S., 
Fellow  of  Trinity  College,  Cambridge.  Received  January 
21,  1893. 

[PLitE  14.] 

I  propose  to  give  here  a  general  statement  of  aome  of  the  concln- 
aions  which  I  have  come  to  with  regard  to  the  arrangement  of  the 
Bympathetio  nervous  system,  reserving  detailed  treatment  for  a  later 
time.  As  a  starting  point  I  take  the  distribution  of  the  pilo-motor 
nerves  in  the  cat.* 

In  the  oat,  the  spinal  nerves  which  contain  pilo-motor  fibres  in  their 
nerve-roots,  are  usually  the  4th  thoracic  to  the  3rd  lumbar  inclnsive. 
Such  fibres  are,  in  rare  cases,  present  in  the  3rd  thoracic  nerve,  and 
ocoaeionally  in  the  4th  Inmbar  nerve. 

*  A  certain  number  of  facta  Kith  regnrd  to  thie,  I  bftre  giren  in  an  earlier  paper 
written  in  coDJanction  with  Dr.  Sherrington.    Dr.  Sherrington  dealt  wilh  the 
pilo-motor  nerre*  in  the  monkey  {cf.  '  Joum.  of  PhjsioL,'  vol.  12,  p.  278,  1891). 
VOL.  Lll.  2   O 
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The  Bpinal  pilo-motor  fibres  rnn  into  the  sympathetic  tnink,  there 
they  become  connected  with  nerve-cells  ;  on  leaving  the  sympathetic 
chain,  they  mn  to  their  peripheral  endings  in  cranial  or  spinal 
nerves.  The  fibres  to  the  body  accompany  those  dorsal  cntaneons 
branches  of  the  spinal  nerves  which  supply  the  skin  over  and  cloae 
to  the  vertebrsB. 

Broadly  speaking,  the  pilo-motor  fibres  ran  from  the  sympathetic 
chain  to  the  cranial  and  spinal  nerves  in  the  grey  rami,  but  a  few 
fibres  may  mn  out  in  the  white  rami;  and  in  some  of  the  upper 
thoracic  rami,  as  is  well  known,  no  anatomically  separable  white  rami 
occur. 

Broadly  speaking,  the  fibres  issaing  from  any  one  ganglion  are  con- 
nected with  nerve-cells  in  that  ganglion,  and  with  no  other  sympa- 
thetic nerve-cell.  In  some  cases  a  certain  number  of  sach  fibres  are 
connected  with  nerve-cells,  not  in  the  ganglion  from  which  they  issue, 
but  in  the  ganglion  immediately  above  or  below  it.  In  the  following 
statement  these  fibres,  and  those  which  may  take  the  course  of  the 
white  rami,  are,  for  the  sake  of  simplicity,  left  out  of  account. 

The  fibres,  before  and  after  they  have  joined  nerve-cells,  I  shall  call 
respectively  pre-ganglionic  or  pre-cellular,  and  post-ganglionic  or 
post-cellular. 

Each  ganglion,  by  its  post-ganglionic  fibres,  supplies,  in  any  one 
individual,  a  definite  portion  of  skin.  This  portion  varies  somewhat 
in  different  individuals.  The  more  important  variations  only  will  be 
mentioned  here. 

The  areas  supplied  by  the  ganglia  from  above  downwards,  starting 
with  the  superior  cervical  ganglion,  are,  apart  from  a  variable  amount 
of  overlapping,  successive  areas. 

An  overlapping  of  the  areas  occurs  when  one  nerve  receives  post- 
ganglionic fibres  by  more  than  one  ramus;  thus  the  3rd  cervical 
nerve,  and  so  the  skin  of  the  upper  part  of  the  neck,  may  receive 
pilo-motor  fibres  from  the  superior  cervical  ganglion  by  one  grey 
ramus,  and  from  the  ganglion  stellatum  by  another  grey  ramus ;  not 
uncommonly  the  7th  lambar  nerve,  and  so  the  skin  over  the  upper 
coccygeal  vertebrsB,  receives  pilo-motor  fibres  by  two  separate  grey 
rami,  one  from  the  7th  lumbar  ganglion,  and  the  other  from  the 
Ist  sacral  ganglion.  Similarly,  also,  a  lower  thoracic,  or  upper 
lumbar,  nerve  may  receive  pilo-motor  fibres  by  the  grey  ramus  of  its 
own  ganglion,  and  others  by  the  white  ramus  which  it  gives  off  to 
the  ganglion  below. 

A  second  cause  of  overlapping  is  a  spreading  out  of  the  pilo-motor 
fibres  in  the  skin  itself.  When  two  successive  grey  rami,  or  two 
successive  dorsal  cutaneous  branches,  are  stimulated  one  after  the 
other,  the  area  of  skin  affected  by  both  of  them  may  be  not  more 
than  ^  to  I  mm. ;  but  it  may  be  about  5  mm.,  and  in  such  case  the 
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"excloaiTe"  area  of  a  ramus  may  be  abont  a  half  only  of  tlie  total 
area  supplied  by  it. 

A  third  cause  of  over-lapping  may  be  the  formation  of  a  plexoB  in 
the  dorsal  ontaneoiis  branches  of  the  spinal  nerves  ;  this  is,  perhaps, 
the  oatiBe  of  Bome  of  the  cases  of  over-lapping  of  areas  which  I  have 
observed  in  the  sacral  and  coccygeal  regions. 

Moat  of  the  details  with  regtu^i  to  the  over-lapping  of  the  areas  we 
may  leave  on  one  side,  and,  treatjng  the  areas  as  successive,  proceed 
to  consider  their  position. 

The  cranial  rami  of  the  snperior  cervical  ganglion  supply  the 
akin  of  the  dorsal  part  of  the  head,  except  a  posterior  portion,  begin- 
ning abont  1^  cm.  behind  the  anterior  level  of  the  ears ;  this  nnaSected 
region  we  may  call  the  occipital  region. 

The  cervical  rami  of  the  saperior  cervical  ganglion  snpply  the 
skin  of  the  occipital  region  of  the  head  by  fibred  running  in  the  great 
occipital  (2nd  cervical)  nerve,  and  the  skin  over  the  first  three  or 
fonr  cervical  vertebne  by  fibres  ronning  in  the  3rd  cervical  nerve. 

The  ganglion  stellatnm,  by  its  cervical  rami,  sapplies  the  skin  from 
the  3rd  and  4th  cervical  vertebne  to  some  point  between  the  spine 
of  the  2nd  and  3rd  thoracic  vertebrs.  Often  its  area  extends 
opwards  to  join  the  occipital  region. 

The  areas  sapplied  by  the  post-gang]  ionic  pile-motor  fibres  of  the 
3rd  4th,  6th,  and  6th  cervical  nerves  vary  in  relative  size  in  different 
individoals ;  roughly,  we  may  take  the  3rd  nerve  us  supplying  the 
skin  over  the  first  three  and  a  half  vertebree,  and  the  others  as  supply- 
ing snccessiTe  strips  of  about  two  vertebne  each. 

We  come  now  to  the  fore  leg  region,  in  which  one,  two,  or  three 
spinal  nerves  send  no  cutaneous  branches  to  the  mid-line  of  the  back. 
These  are  the  7th  and  8th  cervical,  and  the  1st  thoracic,  nerves. 

Sometimes  the  7th,  sometimes  the  1st,  thoracic  has  such  a  cutaneous 
branch ;  when  it  is  present  it  contains  pilo-motor  nerves.  I  have 
not,  in  any  case,  observed  any  such  cutaneous  branch  from  the 
8th  COTvioal  nerve.  Corresponding  to  the  presence  or  absence  of  these 
flutaneons  branches — so  far  as  my  experiments  go — is  the  presence  or 
absence  of  pilo-motor  fibres  in  the  rami  which  pass  from  the  ganglion 
stellatom  to  the  respective  nerves.  Thus,  if  the  1st  thoracic  nerve 
sends  a  branch  to  the  skin  over  the  vertebra,  stimulation  of  its  ramus, 
as  of  the  branch  itself,  causes  a  movement  of  hairs. 

In  the  two  experiments  in  which  there  was  a  mid-line  cutaneous 
branch  from  the  7th  cervical  nerve,  it  supplied  the  lower  part  of  the 
area  usually  supplied  by  the  6th  nerve,  the  area  of  this  and  of  the  5th 
and  4th  nerves  lying  a  little  more  anteriorly  than  usual. 

The  ganglion  stellatnm  also  sends  pilo-motor  fibres  to  the  first  four 
thoracic  nerves.  From  the  5th  thoracic  nerve  downwards  (and  some- 
times from  the  4th)  there  is  a  ganglion  aud  ramus  for  each  nerve. 
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The  disfcribntion  of  all  these  rami  down  to  the  4th  lambar  we  may 
consider  together. 

The  area,  of  the  2nd  thoracic  ramns  (or  of  the  Ist,  as  mentioned 
above)  follows  on  the  area  of  the  lowest  effective  cervical  ramus. 
The  4th  lambar  ramns  snpplies  either  the  skin  over  the  7th  lambar 
vertebra  and  a  small  piece  of  sacmm,  or  the  skin  over  the  sacrom. 
Between  the  limits  jnst  given  for  the  2nd  thoracic  and  the  4th 
Inmbar  the  areas  follow  on  each  other,  the  length  of  each  area 
being  abont  that  of  a  vertebra.  There  are  variations  in  the  relative 
length  of  the  areas  in  different  animals,  bnt,  generally  speaking,  we 
may  say  that  in  the  thoracic  region  the  areas  are  a  little  larger  than  the 
neighbonring  vertebraa,  and  in  the  npper  Inmbar  region  a  little  shorter. 

Below  the  4th  lambar  nerve  we  reach  the  hind  leg  region,  which  is 
like  that  of  the  fore  leg  already  mentioned,  in  so  far  as  one,  two,  or 
three  nerves  have  lio  dorsal  cntaneoos  branches  to  the  mid*liney 
and  the  corresponding  rami  have  no  pilo-motor  fibres.  These 
nerves  are  the  5th,  6th,  and  7th  lambar.  On  the  rami  of  these 
nerves  I  have  made  many  more  experiments  than  on  the  rami  of  the 
ganglion  stellatnm,  and,  no  doabt  in  conseqnence,  I  have  fonnd 
greater  variation.  Thns,  as  I  have  said,  I  have  not  so  far  observed 
any  case  in  which  the  ramns  to  the  8th  cervical  nerve  contained 
pilo-motor  fibres.  In  the  Inmbar  region  the  6th  nerve  is  that  which 
most  frequently  has  no  pilo-motor  fibres,  bnt  in  two  cases  it  appa- 
rently did  contain  some;  it  is  worth  mention  that  in  these  cases 
the  lumbo-sacral  plexns  was  an  extreme  form  of  my  Class  I*  (posterior 
typo  of  arrangement,  part  of  Sherrington'sf  post-fixed  plexns),  the 
7th  nerve  sending  a  filament  to  the  obturator.  The  5th  lambar  ramns 
has  pilo-motor  fibres  more  commonly  than  the  7th. 

About  the  end  of  the  sacrum  appears  to  be  the  dividing  line  between 
the  areas  of  the  rami  which  come  from  above  and  those  which  come 
from  below  the  ineffective  ramns  or  rami.  Thus  the  skin  over  the 
lower  part  of  the  sacrum  may  be  supplied  by  the  4th,  5th,  or,  perhaps, 
the  6th  lumbar  ramas,  the  skin  over  the  upper  coccygeal  vertebrae  by 
the  7th  lumbar  or  1st  sacral.  In  each  case  there  are  one  or  more  nerves, 
lying  between  the  nerve  which  supplies  the  lower  part  of  the  sacral 
region  and  that  which  supplies  the  upper  coccygeal  region,  which  con- 
tain no  pilo-motor  fibres.  This  dividing  line  in  the  experiments  in  which 
1  have  specially  noted  the  point  has  only  varied  from  a  position  mid- 
way between  the  spine  of  the  2nd  and  3rd  sacral  vertebrae  to  a 
position  a  little  below  the  spine  of  the  3rd  sacral  vertebra.  As  I 
have  indicated  earlier,  the  corresponding  line  in  the  upper  thoracic 
region   also   appears  to  undergo  very  slight   variations.J     All   the 

•  '  Joum.  of  Physiol./  vol.  12,  p.  350,  1891. 
t  Ibid.,  Tol.  13,  p.  635,  1892. 
X  C/.  also  p.  655,  figs.  1  and  2. 
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other  dividing;  lines  between  the  areas  vary  not  inconsiderably  in 
position. 

The  2nd  Bocral  ramns,  as  a  mle,  sapplies  the  hairs  of  the  tail  just 
above  the  level  of  the  anus  and  over  it ;  the  3rd  sacral  ramus  aapplies 
the  hairs  for  about  an  inch  and  a  half  below  the  level  of  the  anas. 
The  coccygeal  ganglion  gives  off  mmi  to  the  several  coccygeal  nerveo, 
and  these  supply  different  lengths  of  the  tail.  This  ganglion  supplies 
by  its  ittmi  the  whole,  or  nearly  the  whole,  of  the  tail. 

The  distribatdon  of  the  pilo-motor  post-ganglionio  fibres  of  each 
spinal  nerve,  i.e.,  of  the  fibres  which  mn  to  each  spinal  nerve  from 
the  sympathetic  system,  can  also  be  determined  by  stimulating  the 
nerve  inside  the  spinal  canal.  This  method  depends  upon  the 
spreading  of  the  current  down  the  nerve  to  its  dorsal  branch,  in 
which  the  pilo-motor  fibres  run.  In  most  cases  rather  strong  shocks 
are  required  ;  in  others,  as  in  the  sacral  region,  moderate  shocks  are 
sufficient.  A  similar  spreading  down  of  the  current  to  the  ventral 
branobee  of  the  nerves  may  perhaps  be  the  explanation  of  the 
asBertion  that  the  lower  lumbar  nerves  contain  direct  spinal  secretory 
and  vaso-motor  fibres  for  the  foot.  When  a  spinal  nerve  sends  pilo- 
motor fibres  (pre- ganglionic  fibres)  to  the  sympathetic,  as  well  as 
receiving  some  from  it  (post-gangUonic  fibres),  the  two  can  readily 
be  distinguished  by  injecting  nicotine.  This  cuts  out  the  effect  of 
the  pre-gauglionic,  but  not  that  of  the  post-gangliouic,  fibres. 

So  far,  I  have  been  chiefly  concerned  with  the  description  of  the 
portion  of  the  dorsal  skin  innervated  by  each  ganglion  through  its 
grey  ramus.  The  next  question  to  consider  is  the  connexion  of  each 
ganglion  with  the  spinal  cord.  Like  the  other  qaestions  dealt  with 
here,  this  must  be  treated  somewhat  broadly,  since  there  are  more 
or  less  pronounced  individual  variations. 

In  the  following  tabic  I  give  what  appear  to  be  the  ordinary  con- 
nexions* in  an  animal  in  which  the  4th  Inmbar  nerve  and  the  6th 
lumbar  sympathetic  grey  ramus  contain  no  pilo-motor  fibres.  I  omit 
the  connexion  of  the  4th  and  5th  spinal  nerves  with  the  sympathetic 
ganglia.  I  insert  the  connexiouB  of  some  spinal  nerves  which  do 
not  contain  pilo-motor  fibres.  In  the  left-hand  vertical  column,  the 
numbers  refer  to  the  spinal  nerves  arranged  in  order,  beginning  with 
the  1st  thoracic.  The  nombers  placed  in  a  horizontal  line  with  the 
number  of  each  spinal  nerve  represent  the  sympathetic  ganglia  in 
which  its  fibres  make  connexion  with  nerre-cells  to  issue  in  the 
corresponding  grey  rami.  S.c.g.  and  g.et.  are  used  respectively 
for  the  superior  cervical  ganglion  and  the  ganglion  stellatum.  When 
either  of  these,  or  the  number  of  a  ganglion,  is  enclosed  in  brackets, 

*  Ibe  oonnaiion  of  the  nerrM  with  the  appennost  and  lowennoit  of  their  teriea 
id  ganglia  u  ■omelimeo  slight  onlj;  thu  ii  etpeoially  the  case  u  regardi  the 
GOimeiion  of  the  lombu'  nerrei  with  the  nppennoit  of  their  uriee  of  ganglia. 


Mr.  J.  N.  Lao^ey.     On  the  Arrangement       ^eb.  9, 


3 

1 

I 

1 

h 

» 

i 

1 

» 

" 

" 

■B 

- 

- 

" 

1 

- 

«■ 

i» 

f 

1 

s 

S 

s 

S 

s 

l^' 

■°i"h 

" 

" 

.5^ 

*  1" 

■* 

'         1 

si 

« 

«      M 

« 

" 

" 

" 

M 

11 

f  s 

H 

- 

- 

- 

s 

a  |s     1 

1 

It 

2 

2 

1 

1 

S 

s 

- 

;^^ 

■s 

S 

IJ 

S3 

ft 

1 

1 

1- 

" 

1" 

l- 

o 

iC 

«: 

1     1 

•° 

V, 

" 

1 
•s 

i 

•i 

u 

1 

- 

s 

"? 

•? 

^ 

t 

a 

= 

= 

> 

> 

i 

> 

p 

> 

d 

M 

H 

3 

5 

- 

= 

d 

1893.]  o/(Ae  SympaiJietic  Nervova  System.  55S 

it  indicates  th&t  the  connexion  of  the  spinal  nerve  with  the  gang- 
lion has  heen  determined,  not   by  pilo-motor,   bnt  by  some  other, 

The  facts  given  in  the  table,  togedier  with  those  given  earlier 
regarding  the  distribution  of  the  rami  of  the  ganglia,  show  the 
areas  of  the  akin  vhioh  are  sapplied  by  the  pilo-motor  fibres  isBning 
from  the  cord  in  tiie  roots  of  each  spinal  nerve  given  in  the  table. 

Can  we  from  these  data  deduce  any  oonclnsionB  with  regard  to  the 
distribntion  of  the  other  sympathetic  fibres  of  the  spinal  nerves  ? 

I  have  said  that  the  pilo-motor  fibres  to  the  skin  over  the  vertebra 
ran  to  the  periphery  in  the  dorsal  ontaneoDS  branchei  of  the  spinal 
nerves.  It  is  easily  shown  that  the  area  of  the  sldn  supplied  with 
pilo-motor  fibres  by  the  dorsal  cutaneous  bianch  of  any  given  spinal 
nerve  is  lUso  supplied  by  it  with  sensory  fibres.  And  I  think  there 
is  good  reason  for  believing  that  the  fibres  of  the  grey  ramus  of  a 
nerve,  i.e.,  the  post-ganglionic  sympathetic  fibres  of  a  spinal  nerve, 
have,  in  the  main,  the  same  distribution  in  the  skin  as  the  seuBory 
fibres  of  the  nerve. 

The  chief  physiological  observations  on  the  distribntion  of  sensory 
fibres  in  the  skin  are  those  of  Tiirck,*  made  on  the  dog,  and  of 
8h0mngton,t  made  on  the  monkey.  These  observations  give  the 
sensory  areas  of  both  doreal  and  ventral  cataneoos  branches.  To 
compare  with  these,  we  have  the  pilo-motor  nerves  of  a  portion  of 
the  dorsal  cutaneous  branches,  and  the  secretory  nerves  of  certain 
ventral  cntaneons  branches  running  to  the  hind  foot,  I  There  would 
be  no  advantage  in  attempting  here  to  discuss  in  detail  the  degree  of 
coincidence  in  the  areas  of  the  sensory  and  of  the  visceral  fibres,  and 
chiefly  because,  in  many  cases  at  any  rate,  a  given  spinal  nerve  in  any 
one  of  the  animals  has  not  an  exactly  corresponding  spinal  nerve  in  the 
other  two  animals.  Bat,  in  my  opinion,  the  correepondence  in  the 
areas  of  the  sympathetic  and  tiie  sensory  fibres,  so  far  as  wo  know 
them,  is  close  enough  to  jnatify  the  conclusion  that  the  aensoiy  and 
the  post-ganglionic  sympathetic  fibres  in  any  spinal  nerve  have,  in  the 
main,  the  same  distribation.  The  chief  point  which  may  be  urged 
against  this  view  is  that,  according  to  Sherrington,  the  areas  of  the 
sensory  fibres  of  the  dorsal  and  upper  lumbar  epinal  nerves  lai^ely 
overlap. §  An  overlapping  of  pilo-motor  fibres  as  great  as  that  found 
by  him  for  sensory  fibres  has  not  occurred  in  my  experiments.  On 
the  other  hand,  it  is  to  be  remembered,  that  in  my  experiments — 

*  TOrck,  'SitEnng«b.  d.  Wiener  Akad.,' Tol.  21,  1856;  and  'Denkschrift.  d. 
Wiener  Akad.,'  toI.  29,  1869. 

t  BherringtOQ,  '  B07.  Boc.  Proo.,'  vol.  62,  p.  333,  1893. 

X  '  Journ.  of  F^jnol.,'  toL  12,  p.  847, 1691. 

5  TOrok  did  not  find  orerlappiiiR,  vr  onlj  alight  orerlap^ttg,  in  the  neivee  of  tliu 
neck  and  trunk. 
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-whenever  the  matter  was  tested — the  pilo-motor  area  of  a  cutaneous 
branch  was  fonnd  to  be  supplied  with  sensory  fibres  from  the  same 
branch ;  that  there  is  a  certain  amount  of  overlapping  in  the  pilo- 
motor areas  of  snccessive  cntaneons  branches;  and  that  the  sym- 
pathetic fibres  of  any  given  kind  may  have  a  rather  less  or  rather 
grater  extension  than  the  sensory  fibres  with  which  they  run. 

Of  the  distribution  of  sympathetic  fibres  to  muscles  we  have  no 
information,  but,  if  the  view  I  have  given  above  is  true,  it  establishes 
a  probability  that  such  of  these  fibres  as  may  run  in  a  given  grey 
ramus  to  a  nerve  would  have  approximately  the  same  distribution  as 
the  muscular  branches  of  the  nerve. 

We  have  seen  that  at  the  origin  of  the  nerves  for  the  arm  and  for 
the  leg,  one,  two,  or  three  grey  rami  contain  no  pilo-motor  fibres. 
Let  us  consider  a  simple  case,  say,  when  the  6th  lumbar  grey  raxnos 
has  no  pilo-motor  fibres.  Five  spinal  nerves,  the  12th,  13th  thoracic, 
the  1st,  2nd,  3rd  lumbar,  give  off  nerve-fibres,  which  leave  the  sym- 
pathetic by  each  of  the  grey  rami  of  six  or  seven  ganglia  in  the 
neighbourhood  of,  and  including,  the  6th  lumbar  ganglion.*  Of  this 
series  of  rami,  the  6th  lumbur  is  about  the  last  supplied  by  the 
12th  thoracic,  and  about  the  first  supplied  by  the  3rd  lumbcur  nerve 
(ef.  table  above).  Further,  each  of  these  spinal  nerves  has  abundant 
pilo-motor  fibres,  and  sends  them  to  every  ramus  except  the  6th 
lumbar.  Why  is  it  that  the  pilo-motor  fibres  of  each  nerve  skip  this 
particular  ramus,  skipping  it  wherever  it  comes  in  the  series  of  rami 
supplied  by  the  nerve  ?  And,  further,  why  do  variations  occur  in 
different  animals,  so  that  any  one  or  all  of  the  grey  rami  of  the  5th, 
6th,  or  7th  lumbar  ganglion  may  have  no  pilo-motor  fibres  ? 

The  proximate  explanation  I  take  to  be  that  the  sympathetic  ganglia 
develop  in  connexion  with  the  spinal  nerve-roots ;  t  that,  as  is  now 
generally  believed,  the  number  of  consecutive  nerve-roots  passing 
out  in  a  particular  spinal  nerve  varies  ;  that  the  sympathetic  fibres 
issuing  from  the  sympathetic  ganglion  to  run  to  the  nerve  follow 
in  the  main  the  course  of  the  nerve  ;  and  that  probably  the  connexion 
of  the  ganglion  with  the  cord  by  the  white  rami  is  a  subsequent 
event.  The  following  diagram  represents  the  chief  points  of  this 
explanation. 

A  detailed  account  of  the  facts  summarised  above  1  hope  to  be 
able  to  give  in  no  long  time,  and  then,  also,  I  hope  to  deal  with  one 
or  two  problems  of  the  sympathetic  system  which  I  have  omitted 
here. 


Cf.  Langley,  *  Joum.  of  Physiol.,'  Tol.  12,  p.  347, 1891. 
f  According  to  His  and  others,  a  common  mass  of  cells  gives  rise  to  both  sympa- 
thetic and  spinal  ganglia. 
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IS.  1  U  a  diagnun  of  ths  conrM  of  Uie  pilo-motor  and  Mmorj  fibres  to  tlie  «km 
□Mr  the  mid-donal  line,  when  the  8tli  gray  nmuB  eontajni  no  pilo-motor 
fibm.  The  tfaiek  lines  represent  the  aensorr  spinal  flbnsi  the  thin  lines 
aooompaiiTing  (hem  the  sympathstia  fibres.  The  arrow  reprssents  a  line  of 
•kin  at  about  the  end  of  the  saemm. 


Fis.  2  is' a  diagram  similar  to  that  of  fig.  1,  bnt  forthe  c«ea  when  the  6th,  6th, 
and  7Ui  grej  rami  hare  no  pilo-motor  nerres.  The  shifting  which  commoiily 
oeonn  of  some  fibres  of  the  4tb  lombtu  mto  the  Brd,  and  of  some  fibres  of  the 
lit  sacnJ  into  the  2nd,  is  here  left  out  of  aoconnt. 
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DESCRIPTION  OF  PLATE  14. 

Diagram  to  show  the  connexions  of — 

(a.)  The  spinal  neires  with  the  ganglia  of  Uie  sympathetic  ohain. 

(b.)  The  grey  rami  of  the  ganglia  with  the  skin. 

The  diagram  also  shows  the  distribution  of  the  sensorj  fibres  of  the  spinal  nerrea 
with  the  skin  of  the  mid-dorsal  line;  leaving  out  of  account  any  OTcrlapping  of  the 
areas  that  may  occur. 

The  meaning  of  the  several  parts  of  the  diagram  is,  for  the  moet  part^  explained 
by  the  lettering. 

In  addition  it  must  be  noted  that — 

1.  The  broken  lines  indicate  that  the  connexion  shown  by  the  line  has  been  deter- 

mined by  experiments  on  some  other  than  pilo-motor  fibres,  e^,,  by  pupillo- 
dilator  or  by  sweat-nerve  fibres. 

2.  The  connexion  of  the  several  spinal  nerves  with  the  sympathetic  ganglia  is  not 

in  all  cases  as  it  is  represented  in  the  diagram.  There  are  individual  varia- 
tions. 

3.  Any  one  spinal  nerve  is  connected  with  certain  of  its  ganglia  by  a  consider- 

able number  of  fibres,  and  with  others  by  very  few.  It  is  connected  bj  few 
fibres  with  either  the  uppermost  or  the  lowermost^  or  with  both  uppermost 
and  lowermost,  of  its  series  of  ganglia.  Thus  the  7th  thoracic  nerve  sends 
comparatively  few  fibres  to  the  superior  cervical  ganglion,  and  the  3rd  lumbar 
nerve  sends  comparatively  few  fibres  to  the  6th  lumbar  sympathetic 
ganglion. 

4.  The  distribution  of  the  several  grey  rami  to  the  skin  also  varies ;  the  extent 

of  this  variation  has  been  described  in  the  text.  In  the  scheme  given  here, 
the  case  is  taken  when  the  7th  and  8th  thoracic  and  the  6th  lumbar  nerves 
do  not  run  to  the  mid-line  of  the  back. 
6.  The  dotted  line  stretching  from  the  upper  end  of  the  skin  area  of  the  grey 
ramus  of  the  Ist  coccygeal  ganglion  indicates  that  the  area  of  the  8rd  sacral 
grey  ramus  is  usually  supplied  by  fibres  from  the  coccygeal  ganglion.  It 
will  be  noticed  that  only  the  base  and  tip  of  the  tail  are  represented. 


II.  "  Note  on  the  Knee-jerk  and  the  Correlation  of  Action  of 
Antagonistic  Muscles."  By  C.  S.  Sherrington,  M.A.,  M.D. 
Communicated  by  Professor  M.  FOSTER,  Sec.  KS.  Re- 
ceived Februaiy  1,  1893. 

(From  the  Physiological  Laboratory,  St.  Thomas's  Hospital.) 

The  muscular  reaction  known  as  the  knee-jerk  is  notorioiisly 
affected  by  conditions  obtaining  in  what  is  often  described  as  a  reflex 
arc,  consisting  of  afferent  and  efferent  paths,  and  a  centre  situate  in 
the  lumbar  portion  of  the  spinal  cord.  I  recently*  described  experi- 
ments determining  more  particularly  than  hitherto  the  locality  of  the 
muscular  and  nervous  mechanism  on  which  the  jerk  depends.  I 
showed  that  the  muscular  portion  of  this  mechanism  consists  mainly 

•  *  Journal  of  Physiology,'  vol.  13,  p.  666. 
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of  the  vastus  intemus  and  part  of  the  crureus  divisions  of  the  great 
quadriceps  extensor  muscle  of  the  thigh.  The  spinal  centre  was  found 
located  in  the  5th  and  4th  lumbar  segments  of  the  cord  of  the  Rhesus 
Monkey  (4th  and  3rd  lumbar  of  Man).  The  efferent  path  was  found 
in  the  anterior  roots  of  the  5th  and  4th  lumbar  nerves,  and  was  trace- 
able along  the  anterior  crural  nerve  into  those  of  the  muscular 
branches  of  that  trunk  which  supply  the  above-mentioned  portions 
'  of  the  quadriceps  extensor  max.  The  efferent  side  of  the  path  corre- 
sponds accurately  with  the  course  of  the  motor  nerve  fibres  to  the 
muscles  in  question,  and  there  is  little  reason  to  doubt  that  it  con- 
sists of  nothing  more  or  less  than  of  those  motor  fibres  themselves. 
The  afferent  path  was  found  to  lie  in  the  posterior  root  of  the  5th 
lumbar  of  Rhesus  (4th  of  Man,  6th  of  Gat),  and  was  not  usually 
demonstrable  at  all  in  the  posterior  root  of  the  4th  lumbar,  but  a 
small  portion  of  it  may,  perhaps,  lie  within  that  root. 

The  posterior  root  in  which  exists  the  afferent  path  on  :which  the 
jerk  is  dependeht  receives  afferent  fibres  from  the.  obturator  and 
anterior  crural  nerves,  and  from  the  external  and  internal  popliteal 
nerves,  and  sometimes  from  the  division  of  the  great  sciatic  which 
may  be  called  the  hamstring  nerve,  because  distributed  to  the  ham- 
string muscles.  Of  the  fibres  entering  the  root  from  these  various 
sources,  those  on  which  the  "jerk**  depends  are  not  from  any 
except  the  anterior  crural  nerve.  Further,  in  the  anterior  crural 
nerve,  they  are  those  fibres  of  the  nerve  which  issue  from  the  vastus 
intemus  and  crureus  muscles.  Thus  the  afferent  fibres  on  which  the 
jerk  depends  seem  to  arise  within  muscles,  and  from  exactly  those 
muscles,  to  which  belong  the  efferent  fibres  with  which  the  "  jerk  " 
is  concerned. 

The  rapid  abolition  of  the  jerk  produced  by  severing  the  posterior 
root  of  the  5th  lumbar  of  Rhesus  may  conceivably  be  due  less  to 
mere  interruption  of  an  afferent  path  than  to  excitation  of  an  afferent 
path  by  the  **  current  of  injury  "  set  up  in  ttie  injured  fibres  ("  de- 
marcation current ")  of  it.  This  doubt  has  frequently  been  strength- 
ened in  my  mind  by  the  fact  that  section  of  one  half  the  root  often 
suffices  to  abolish  the  "jerk,'*  although  the  remaining  half  can, 
when  tested,  still  be  shown  able  to  conduct  centripetal  im- 
pulses from  the  skin;  and  further,  by  the  fact  that  it  appears 
immaterial  whether  the  anterior  or  the  posterior  part  of  the 
posterior  root  be  selected  for  the  section.  The  "jerk"  I  have 
seen  then  abolished  in  a  manner  not  obviously  different  from  that  in 
which  section  of  the  whole  root  abolishes  it.  Against  such  an 
explanation  is,  however,  the  permanence  of  the  effect  upon  the 
"  jerk  "  produced  by  section  of  the  whole  root,  for  the  effect  con- 
tinues at  least  for  many  days.  Regarding  the  permanence  of  the 
effect  of  section  of  half  the  root  I  have  no  observation. 
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I  have  repeated  the  obeervation  substituting  for  severance  other 
modes  of  destruction  of  the  conductivity  of  the  root.  The  root  is  a 
fairly  long  one,  longer  in  the  Monkey  than  in  the  Gat,  and  it  is  not 
difficult  to  apply  reagents  to  it.  I  find  the  jerk  immediately 
abolished  by  cooling  the  root  to  near  the  freezing  point.  To  do  this 
I  pass  under  the  posterior  root,  well  lifted  from  the  anterior,  one  end 
of  a  copper  strip,  the  other  end  of  which  lies  in  an  ice  and  salt 
mixture.  The  application  of  GOf  vapour  to  the  root  has  a  similar 
effect,  and  on  removing  the  vapour  the  "  jerk  "  returns.  The  vapour 
I  have  applied  through  a  thin-walled  india-rubber  tube,  made  to 
enclose  the  root.  Gocain  I  have  also  applied,  and  found  it  abolish 
the  jerk  in  about  70  sees.,  when  used  as  a  1  per  cent,  solution  in 
0*6  per  cent,  sodium  chloride  solution.  I  place  under  the  root,  before 
applying  the  cocain,  a  thin  strip  of  india-rubber  sheeting,  and  apply 
the  solution  with  a  fine  cameFs-hair  brush  by  painting  on  the  fila- 
ments of  the  root. 

There  seems,  therefore,  no  doubt  that  abolition  of  the  jerk  can  be 
produced  by  lowering  the  condactivity  of  the  fibres  of  this  posterior 
root.  Whatever  the  nature  of  these  afferent  fibres  which  thus  come 
up  from  part  of  the  quadriceps  extensor  of  the  thigh,  and  keep 
the  '*  knee-jerk  '*  going,  facts  show  that  they  are  less  hardy 
under  experimental  interference  than  are  those  from  the  skin  which 
carry  centripetal  impulses  subserving  tactile  sensation.  A  very 
little  interference  with  this  posterior  root  abolishes  the  knee-jerk ; 
a  very  great  deal  will  often  not  obviously  impair  cutaneous  reflexes 
elicited  through  it.  To  lift  the  posterior  root  by  a  thread  passed 
under  it  will  often  suffice  to  interrupt  the  affei*ent  fibres  for  *'the 
jerk,'*  but  at  the  same  time  leaves  the  afferents  of  tactile  sense  not 
obviously  impaired.  Probably  the  former  fibres  are  much  the  smaller 
and  more  delicate. 

The  irritation  of  this  root,  when  cut,  by  its  own  demarcation 
current  does  not  cause  inhibition  of  the  jerk.  I  have  tried  on  three 
occasions  to  recover  the  ''jerk,'*  after  its  disappearance  on  section  of 
this  root,  by  electrical  excitation  of  the  central  end  of  the  divided 
root.  The  excitation,  when  too  feeble  to  elicit  any  reflex  contraction 
of  the  muscles,  did  not  obviously  influence  the  briskness  of  the  jerk 
in  either  direction.  The  excitation  very  readily,  however,  causes 
contraction  of  the  hamstrifig  muscles,  which  so  alters  the  position  of 
the  knee  that  the  condition  of  the  ''jerk  "  can  no  longer  be  satisfac- 
torily compared  with  what  it  was  before. 

Excitation  of  the  central  end  of  the  divided  hamstring  nerve  does 
at  once  abolish,  or  greatly  reduce,  the  briskness  of  the  "jerk."  I 
have  elsewhere*  described  a  curious  fact  concerning  the  "jerk," 
namely,  that  it  can  be  rendered  brisk  by  section  of  afferent,  or  of 

*  *  Journ.  of  Physiol.,'  loc.  cit. 
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fiSerent,  spinal  roots  immediately  below  that  one  on  which  the  jerk 
Itoelf  dependn.  I  added,  with  regard  to  it,  "  Ite  ezpla&Btion  appears 
to  lie  in  the  abolition  of  the  tone  of  the  hametring  mnscles  hf  section 
of  the  afferent  roota  belonging  to  them."  I  wish  now  to  support,  and 
Bornewhat  enlarge,  the  explanation  then  offered. 

Severance  of  the  great  sciatic  trunk  prodnces,  as  Tschiriew*  has 
pointed  out  in  the  Cat,  an  increased  briskness  of  the  "  jerk."  This  I 
find  to  depend  scarcely  at  all,  if  indeed  at  all,  on  saction  of  the 
est«mal  or  internal  popliteal  diTisions  of  the  trnak,  either  singly  or 
together;  bnt  to  depend  npon  the  cutting  that  portion  of  the  trank 
which  is  destined  for  the  hamstring  muscles — the  portion  referred  to 
in  my  previous  paper  as  "  the  hamstring  nerve."  In  Maeaeus  this 
"  hamstring  "  division  of  the  sciatic  sends  afferent  fibi-es  into  the 
spinal  cord  by  the  posterior  roots  of  the  Sth,  7th,  and  6th  sab- 
thoracic  nerres.  In  Cat,  the  Sth  and  7th  posterior  roots  are  those  in 
question.  On  severance  of  these  afferent  roots,  the  "  tonus  "  of  the 
hamstring  mnscles  is  broken,  and  the  "jerk"  becomes  more  brisk  ; 
sometimes  there  is  a  short  interval  of  depression  immediately  suc- 
ceeding the  operation.  The  motor  fibres  of  the  hamstring  mnscles 
leave  the  cord  by  the  anterior  roots,  correspondent  with  the  above- 
mentioned  posterior.  Severance  of  theee  anterior  roots  causes  im- 
mediate increase  in  the  briskness  of  the  jerk. 

As  to  the  manner  in  which  the  loss  of  tonus  of  the  hamstring 
muscles  gives  rise  to  increase  of  the  knee-jerk,  two  possibilities  at 
once  present  themselves.  One  is  purely  mechanical ;  the  other  is  of 
a  physiological  nature.  The  loss  of  tension  accompanying  the  loss  of 
"tone"  will  leave  the  leg  more  free  to  swing  at  the  knee  joint.  It  is 
for  that  reason  that  the  posture  of  limb  usually  employed  as  the 
most  favourable  when  the  jerk  is  to  be  elicited  is  with  the  ham- 
strings relaxed  and  the  leg  at  a  right  angle  with  the  thigh.  In  this 
way  the  points  of  bony  attachment  of  the  hamstring  muscles  are 
approximated,  and  the  knee  can  swing  throngh  a  greater  arc  to  that 
point  at  which  it  is  cut  short  by  the  mechanical  check  of  the  flexor 
muscles  passively  tightened  by  the  movement.  The  extensor  move- 
ment during  the  "  jerk  "  has,  in  this  way,  further  scope  before  the 
hamstrings  break  it.  As  far  as  this  explanation  goes,  the  above- 
meationed  increase  of  the  jerk  would  occur  even  if  the  hamstring 
muscles  were  replaced  by  india-rubber  cords,  the  effect  produced  by 
severance  of  the  hamstring  nerve  being  equivalent  to  any  arrange- 
ment which  rendei-ed  those  india-rubber  cords  less  tight. 

I  should  have  considered  this  simple  explanation  sufficient  had  it 

not  been  for  certain  additional  facts.     During  experiments  on  the 

effects  of  stimulating  the  motor  spinal  roots  of  the  Inmbo-sacral 

nerves  there  is  much  risk  of  being  deceived  by  escape  of  the  excit- 

•  '  Arch.  f.  Fijoh.,'  vol.  8. 
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ing  current   to  other  motor  roots   besides  the   one  to   which   the 
electrodes  are  applied.     When  stimulating  the  motor  root  of  the  7th 
lumbar,  I  frequently  observed  contraction  of  the  extensor  muscles  of 
the  knee  as  well  as  of  the  flexors,  and  imagining  that  the  phenomenon 
must  be  due  to  escape  of  the  exciting  current  to  the  5th  lumbar  root, 
I  was   accustomed  to  reduce  the  strength  of  the  exciting  current 
until  the  contraction  of  the  extensors  of  the  knee  no  longer  occurred. 
To  avoid  this  supposed  escape  of  current,  it  was  necessary  to  reduce 
the  strength  of  stimulus  sometimes  to  very  slightly  indeed  above 
minimal  efficiency  for  the  motor  fibres  to  which  the  electrodes  were 
applied.     The  use  of  such  weak  currents  has  serious  disadvantages, 
and  was  extremely  embarrassing  for  the  experiment.     It  was  not 
until  I  had  discarded  a  number  of  experiments  on  the  ground  of 
escape  of  current,  that  three  points  concerning  the  contraction  of  the 
extensor  muscles  produced  by  stimulating  the  motor  nerve  to  the 
flexors  attracted  my  attention.      (1.)    If  for  the  excitation  of  the 
motor  root  to  the  flexors  a  series  of  induced  currents  are  employed, 
succeeding  each  other  at  a  rate  slow  enough  to  produce  not  perfect 
tetanisation,  but  tremulent  contraction  of  the  muscles,  the  contraction 
obtained  in  the  extensor  muscles  coincidently  was,  nevertheless,  per- 
fectly steady  and  tetanic,  although  not  vigorous.     (2.)  If  the  flexor 
muscles  are  severed  from  connexion  with  the  knee  joint,  so  that  their 
contraction  cannot  affect  the  joint,  and  if  the  *'  knee-jerk  "  be  elicited 
before,  during,  and  after  stimulation  of  the  motor  root  to  the  flexor 
muscles,  during  the  excitciion,  when  those  flexor  muscles  were  con- 
tracting, the  knee-jerk,  brisk  previously  and  brisk  later,  disappeared, 
or  almost  disappeared.     (3.)  If  the  sensory  spinal  roots  belonging  to 
the  hamstring  nerve  are  severed,  the  stimulation  of  a  motor  root  to 
the  hamstring  muscles  is  no  longer  accompanied  by  contraction  of 
the  extensor  muscles  of  the  knee,  even  when  strong  stimulation  is 
employed. 

One  next  observed  the  effect  on  the  extensors  of  the  knee  of 
excitation  of  the  central  end  of  the  nerve  to  the  hamstring  muscles 
after  that  nerve  had  been  ligated  and  cut  through.  It  was 
found  that  excitation  with  currents  just  perceptible  at  the  tip  of 
the  tongue  causes  immediate  disappearance  or  diminution  of  the 
**  knee-jerk.**  "  Exaltation  **  of  the  jerk  follows  the  depression  by 
the  excitation.  If  the  excitation  be  continuously  maintained  for  a 
time,  the  jerk  tends  to  return  in  spite  of  the  continuance  of  the 
stimulation.  By  use  of  stronger  currents  the  extensors  are  imme- 
diately thrown  into  a  tonic  contraction,  lasting  so  long  as  the 
stimulus  is  continued.  The  same  effects  on  the  knee-jerk,  and  on  the 
activity  of  the  extensor  muscles,  are  elicited  by  exciting  the  central 
ends  of  the  divided  posterior  roots  of  the  7th  or  8th  subthoracic 
nerve. 
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S.e.  External  cutaoeoiu  Derro  trunk. 

A,e.  Anterior  crdnJ  nerve  trunk,  with  e,  cutaneoiu,  and  m',  miucular,  bisnohfM. 

Ob,   Obturator  nerre-trunk. 

Sc,    SdBlio  nerre  trunk,  with  I.F.,  internsl  poplitMl,  E.P.,  external  popliteal, 

dirinona,  and  the  diiiuon  going  to  the  bamitring  mutclps,  which  giTet  a 

cutaneooj  branch  i/. 
Va.Cr.  The  rarti  and  the  urureDi  muwlea,  the  internal  portion  being  eapeoiallj 

referred  to. 


I  then  attempted  to  determine  if  mere  tension  of  the  hamfltriug 
mnacles  could  give  the  same  retnlt  aa  electri^l  excitation  of  the 
central  ends  of  their  nerves.  It  ia,  of  coarse,  essential  that  the  pro- 
dnctaon  of  increased  tendon  in  the  mnsclea  should  not  alter  the 
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posifcion  of  the  knee  joint  or  affect  it  mechanioallj.  This  precaution 
was  observed  by  isolating  the  two  inner  hamstrings  from  their 
attachments,  except  at  their  origin,  from  the  tuber  ischii,  and  simal- 
taneonslj  catting  through  all  nerve  branches  to  the  outer  hamstrings 
and  to  the  adductor  muscles.  The  nerves  to  the  inner  hamstrings 
were  carefully  preserved  although  the  muscles  were  otherwise  dis- 
sected out.  It  was  found  that  by  pulling  on  the  inner  hamstring 
muscles  sufficiently  to  stretch  them  out  of  the  doubled-up  shape  they 
assumed  after  being  freed  from  their  lower  attachments,  the  knee- 
jerk,  previously  brisk,  was  at  once  aholished  or  greatly  diminished^ 
and  on  relaxing  the  strain  on  the  hamstring  muscles  at  once  re- 
appeared, and  was  apparently  somewhat  more  brisk  than  before  the 
diminution.  It  is  often  sufficient  to  merely  compress  the  hamstring 
muscles,  as  they  lie  flaccid  on  the  hand,  between  fingers  and  thumb. 
A  kneading  of  the  muscle  as  in  massage  has  the  same  efEect.  On 
two  occasions,  at  the  end  of  an  experiment,  when  the  muscles  had 
suffered  from  exposure,  I  have  seen  the  curious  phenomenon  that  ex- 
citation of  a  motor  root  supplying  them  of  strength  insufficient  to 
throw  the  injured  muscles  into  obvious  contraction  yet  suffices  to  at 
once  cut  out  the  "  knee-jerk,"  although  before  and  after  the  excita- 
tion the  "jerk"  was  very  brisk  indeed.  The  effect  was  obtained 
several  times  in  succession,  and  immediately  disappeared  on  dividing 
the  sensory  roots  coming  in  from  the  exposed  muscles.  The  current 
of  injury  in  the  muscles  must  have  been  considerable,  and  this  sugg^ts 
that  the  mere  negative  variation  of  the  current  of  injury  in  the 
muscles  might  originate  centripetal  impulses.  Certainly  there  was 
on  neither  occasion  any  obvious  contraction  in  the  muscles. 

The  most  efficient  mode  of  excitation  of  the  afferent  fibres  from 
these  muscles  appears  to  be  the  mechanical  above  described,  i.e.,  the 
myotatic  (Gowers).* 

Excitation  of  the  central  end  of  the  divided  popliteal  or  peroneal 
nerves  does  not  produce  this  effect  upon  the  jerk.  Neither  does 
stretching  of  the  crural  triceps  by  pulling  on  the  tendo  Achillis,  nor 
stretching  of  the  rectus  femoris  muscle.  Stretching  of  the  rectus 
f emoris  can  easily  be  employed  without  interference  to  the  movement 
of  the  knee  joint.  It  appears  to  me  neither  to  increase  nor  to 
diminish  the  jerk.  Excitation  of  the  central  end  of  the  divided  nerve 
to  the  rectus  femoris  exerts  likewise  no  obvious  influence  on  the 
jerk ;  nor  does  excitation  of  the  centi'al  end  of  the  cutaneous  divisions 
of  the  anterior  crural,  viz.,  the  internal  saphenous  and  the  internal 
and  middle  cutaneous  nerves  of  the  thigh.     Excitation  of  the  central 

•  *  Diagnosis  of  Diseases  of  the  Spinal  Cord,'  2nd  edit.,  1881,  p.  29.  Sec  also 
the  same  author's  **  Diseases  of  the  Spinal  Cord/  toI.  i,  p.  21 ;  also  pp.  202 — 205, 
428,  429,  2nd  edit.,  1892. 
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end  of   the  cutaneous   branch   of  the   hamstring   nerve    itself   also 
appears  without  effect  upon  the  jerk. 

Tension  produced  in  the  crural  triceps  mu&;cle  bj  palling  on  the 
Achilles  tendon  does  not  appear  to  influence  the  brisk  flexor  move- 
ment of  the  ankle  joint  evoked  by  tapping  the  subcutaneous  face  of 
the  tibia,  and  related  cliieflj  to  the  6th  lumbar  spinal  segment  of 
MacacuB  and  to  the  7th  lumbar  segment  of  the  Cat. 
^Sjt  would  thus  seem  clear  that  the  exaggeration  of  the  knee-jerk 
produced  by  severance  of  the  branches  given  from  the  great  sciatic 
nerve  to  the  hamstring  muscles  is  not  due  to  the  fact  that  the  result- 
ing relaxation  of  those  muscles  simply  leaves  the  joint  mechanically 
more  free  to  move.  I^q  exaggeration  would  seem  due  rather  to  the 
severance  of  the  nerves  in  question  interrupting  a  stream  of  centri- 
petal impulses  that  passes  up  from  the  hamstring  muscles  and  enters 
the  spinal  cord  by  certain  afferent  roots,  and  in  the  cord  exerts  a 
depressing  or  restraining  influence  on  the  jerk.  It  further  appears 
that  a  stream  of  impulses  similarly  efficient  can  be  set  up  by  moderate 
electrical  excitation  of  the  central  ends  of  the  divided  nerves  of  the 
hamstring  muscles;  or  by  simply  stretching  or  kneading  those 
muscles  when  they  are  released  fi'om  one  of  their  fixed  points ;  or, 
finally,  by  simply  throwing  those  muscles  into  contraction  through 
excitation  of  motor  ix)ot8  supplying  them,  so  long  as  the  sensory  roots 
remain  intact.  The  physician,  when  he,  in  order  the  better  to  elicit 
the  jerk,  flexes  the  knee  and  reduces  the  strain  in  the  flexor  muscles, 
by  doing  so  removes,  with  relaxation  of  the  flexors,  a  physiological 
depression  which  the  tension  of  those  muscles  normally  exerts  upon 
the  jerk  obtainable  from  their  antagonistic  group. 

Further,  it  would  seem  that  at  the  knee  joint  excitation  of  the 
afferent  fibres  coming  from  one  set  of  the  antagonistic  muscles 
induces  reflex  tonic  contraction  of  the  opposing  set  with  extreme 
facility,  despite  the  fact  that  the  opponent  muscles  are  not  innervated 
from  the  same  spinal  segments.  The  reflex  is  obtainable  with  extra- 
ordinary facility,  even  across  intervening  segments  of  the  cord. 

Thus  the  degree  of  tension  in  one  muscle  of  an  antagonistic  couple 
intimately  affects  the  degree  of  *'  tonus "  in  its  opponent,  not  only 
mechanically,  but  also  reflexly,  through  afferent  and  efferent  channels 
and  the  spinal  cord. 

It  is  obvious  that  the  correlation  of  action  thus  existing  be- 
tween the  antagonistic  muscular  groups  of  the  thigh  and  knee 
may  be  not  widely  different  from  that  originally  pointed  out  by 
Hering  and  Breuer  as  regulative  of  th«  movements  of  respiration. 
One  is  tempted  to  institute  a  comparison  also  between  it  and  the 
physiological  arrangement  studied  by  Biedermann  in  the  antagonism 
of  the  muscles  of  the  forceps  of  Astacus.  I  would,  however,  reserve 
further  details  until  I  iiave  been  able  to  perform  a  larger  number  of 
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experiments.  Anatomical  evidence  is  at  present  so  scanty  regarding 
afferent  nerve  fibres  from  muscle  that  investigation  of  their  ana- 
tomical relation  seems  absolatelj  requisite  for  examining  the 
problem  farther. 

[Just  as  the  Inmbo-sacral  region  of  the  oord  may  be  split  along  the 
median  plane  without  interference  to  the  jerk  of  either  side,*  so  the 
same  may  be  done  without  hindering  the  above  ascending  reflex 
abolition  of  the  jerk.  Extinction  of  the  jerk  by  exciting  the  central 
end  of  the  8th  root  (from  hamstrings)  affects  the  jerk  four  segments 
higher  without  in  that  distance  spreading  over  to  the  opposite  side. 
But  the  excitation  affects  the  jerk  of  the  opposite  side  if  the  scope  of 
a  considerable  length  of  cord  bo  allowed  it.  If  in  the  Cat  the  cord  be 
transversely  divided  at  the  11th  thoracic  segment,  excitation  of  the 
afferent  fibres  from  a  hamstring  muscle  of  one  side  {e.g.^  right)  applies 
chiefly  to  the  jerk  on  the  same  side  (right),  hut  also  to  the  jerk  on 
the  opposite.  If,  however,  in  the  Cat  (in  which  jerk  helongs  to  the 
6th  and  5th  lumbar  segments)  the  cord  be  transversely  cut  at  or 
below  the  drd,  the  extinction  from  the  hamstring  nerve  is  confined  to 
the  same  side  only.  In  other  words,  the  presence  of  additional  higher 
segments  seems  requisite  hefore  the  passage  of  the  impulses  in 
question  across  the  median  plane  of  the  cord,  a  fact  in  curious 
harmony  with  an  observation  by  Hallst^nf  regarding  the  elicitation 
of  "  crossed  reflexes  "  in  the  frog.  The  median  posterior  column 
between  the  8th  and  4th  lumbar  levels  can  he  removed  in  toto  without 
impairing  the  inflaenpe  of  the  hamstring  nerve  on  the  jerk.  It  is 
clear  also  that  th^e,  fibres  of  the  posterior  root  which  pass  to  Clarke's 
column  canj;>(ft,be*'the  requisite  aflerents,  either  from  the  extensor  or 
flexor  tttigh  ihuscles,  because  the  jerk  and  the  above-described  extinc- 
tion of  it  are  unaffected  in  the  Cat  hy  transverse  section  of  the  cord 
just  below  the  4th  lumbar  segment,  i.e.y  the  segment  where  Clarke's 
column  stops  short. — February  8,  1893.] 


III.  "On  the  Leucocytes  of  Peptone  and  other  Varieties  of 
Liquid  Extravascular  Blood."  By  A.  E.  Wright,  M.D., 
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Communicated  by  A.  D.  Waller,  M.D.,  F.R.S.  Received 
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In  the  course  of  some  investigations  on  the  subject  of  blood- 
coagulation,  I  was  led  to  enumerate  the  white  blood  corpuscles  in  the 
different  varieties  of  extravascular  blood.     I  propose  to  report  the 

*  Sherrington,  *  Joum.  of  Physiol.,'  toI.  13,  p.  666. 
t  '  Archiv  f.  Physiol.,*  1886. 
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resnlta  of  these  enumerations  Iiere,  and  to  direct  attention  to  the 
bearing  of  the  resalts  obtained  in  the  case  of  peptone  blood. 

I  may  premiee  with  respect  to  the  methods  employed  that  the 
ennmerations  were  made  hj  diluting  the  blood  200  times  with  an 
8  per  cent,  solation  of  magnesium  snlpbate,  which  had  received  a 
sufficient  addition  of  gentian-violet  to  stain  the  cells  darkly  in  the 
course  of  a  few  minotes-  The  ennmerations  were  invariably  made 
in  daplicate  aamples  of  each  blood,  and  in  each  sample  the  absolate 
nomber  of  lencooytea  was  counted  on  250  squares  of  the  Oowera 
hnmocytometer.  An  agreement  within  10  per  cent,  was  exacted 
betweea  the  oonnts  of  the  duplicate  samples.  When  this  was  obtained 
the  counts  were  added  together,  and  their  snm  multiplied  by  200  to 
obtain  the  total  number  of  leucocytes  in  the  cubic  millimetre.  The 
following  are  the  results  of  my  ennmerations  in  oxalated,  leech- 
eziract,  aud  peptone  blood. 


Oiralaled  Blood. 

Obtained  by  drawing  off  9  vols,  of  blood  into  1  vol.  of  a  1  per  cent, 
of  soda  solutioQ. 


Dogl 

Number  of  while 
blood  eorpuBcIcs 
in  Dornrnf  blood 
drawn  from  ear. 

Kumher  of  white 
blood  corpusclea  in 
blood  receiTed  from 
•nroCid  into  outnte 

•olution  (figures 

corrected  for  di- 
lution rff^ted  bv  the 

oialat6.olutio'n). 

Intarral  between 
collection  of  blood 

into  DialtttB  and 
commeocBment  of 

dilution  with 
MgSO^  solution). 

15,600 

10,40n 
80.500 
14,000 
22,300 

15,800 
11,200 
1S,700 
H,fiO0 
20,600 

One  hour. 
Half  an  hour. 
No  intervaL 
Two  hours. 
One  hour. 

Dol?::::::::: 

Do<8 

DogU 

82  800 

81,900 

16,560 

16,380 

LeeiA-ertract  Blood. 
Obtained  by  extracting  3  vols,  of  blood  from  carotid  into  2  vols,  of 
leech -extract.     The  leech-extract  was  made  from  loeobea  wbich  had 
been  kept  under  alcohol  for  several  weeks. 


5f)f>     Dr.  A.  E.  Wright.     On  the  Leucocytes  of  Peptone    [Feb.  9, 


Dog8 

Dog  13 

Dog  14 

Dog  15 

Sum 

Ayerage 

Number  of  white 
blood  corpuscles 
in  normal  blood 
drawn  from  ear. 

Number  of  white 

blood  corpuscles  in 

blood  receired  from 

carotid  into  leech 

extract  (fi^o^res 

corrected  for 

dilution  effected  bj 

leech-extract). 

Intenral  between 

collection  of  blood 

and  commencement 

of  enumeration 

(dilution  with 

MgS04  solution). 

14,000 
16,600 
22,300 

12,600 

13,100 
14,250 
20  000 

12,600 

Nearlj  two  hours. 
One  hour. 
Three-quarters  of 

an  hour. 
Quarter  of  an  hour. 

65,400 

59,850 

1 
f 

16,350 

14,962 

1 

Peptone  Blood. 

Obtained  by  injection  of  0*3  to  O'b  gram  per  kilo,  of  body  weight 
of  "  peptone"  in  the  form  of  a  filtered  10  per  cent,  solution  in  0*75 
per  cent,  of  NaCl. 


Number  of 
white  blood 

Number  of 
white  blood 

Interval  between 

interval  between 

collection  of 

blood  and 

1    pnTnTn<>rif*Afn<>nf 

corpu8cl«'S  in 

corpuscles  in 

l>eptone  injection 

normal  blood 

drawn  from 

ear. 

peptone  blood 

drawn  from 

carotid. 

and  blood- 
letting. 

of  enumeration 

(i.e.,  dilution 

with  MgS04). 

Dog  1. . . . 

•  • 

2,500 

10  minutes 

One  hour. 

Dog  6  .  . . 

30,600 

3,200 

8       „ 

(                      '' 

Dog  8. .  . . 

14,000 

600 

6        „ 

1 

Dog  9 

19,600 

1,800 

Not  noted 

Not  noted. 

DoglO. .. 

.  • 

2,800 

10  minutes 

No  interval. 

Dog  14. . . 

22,300 

1,300 

2        „ 

1 

Dog  20. . . 

14  800 

1,600 

5        „ 

'♦ 

Dog  21... 

10.800 

600 

10        „ 

.• 

Dog  22. . . 

13,800 

800 

25 

t» 

Dog  23. . . 

15,900 

400 

10        „ 

»♦ 

Sum 

8)141,800 
17,725 

10)15,600 

Average. . 

1 ,560 

Rabbit  1 . 

7,400 

3,600 

15  minutes 

No  inferv«l. 

750 

3^  hours 

•  » 

Rabbit  2 . 

10,000 

9,200 

30  minutes 

«• 

Rabbit  3 . 

8,000 

4,600 

2  hours 

•  • 

3,300 

3     „ 

1 

Rabbit  4. 

8,600 

4,100 

30  minutes 

1 

1 

2,500 

3  hours 

• , 

1 

2,800 

3*   „ 

• . 
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The  figures  in  column  2  have  not  been  corrected  for  the  dilution  effected  by  the 
injection  of  the  peptone  solution.  Taking  the  blood  as  1/13  of  the  body  weight 
the  amount  of  peptone  solution  introduced  would  effect  a  dilution  of  from  3*9  to 
6*5  per  cent.  The  figures  in  column  2  ought  therefore  to  be  increased  by  this 
fraction  in  order  to  be  strictly  comparable  with  the  figures  in  column  1. 

•  

The  above  tables  show  that  Dog's  peptone  blood  differs  from  oza- 
lated,  leech-extract,  and  8  per  cent.  MgSOi  blood  (this  last  blood  was 
employed  throughout  as  the  standard  of  comparison)  in  containing  a 
mere  tithe  of  the  normal  number  of  leucocytes.  These  missing 
leucocytes  have  either  remained  behind  in  the  tissues  or  in  the 
internal  yessels,  or  they  have  disintegrated  and  have  passed  into 
solution  in  the  plasma.  I  have  endeavoured  to  decide  between 
these  alternatives  by  making  comparative  estimations  of  the 
leucocytes  in  the  mesenteric  veins,  and  in  the  carotid  blood,  and 
further  by  making  a  series  of  careful  histological  examinations  of 
the  various  organs  which  might  be  expected  to  harbour  the  leuco* 
cytes  (I  selected  the  liver,  the  kidney,  and  the  heart  muscle  for  this 
purpose).  In  no  case  was  I  able  to  find  any  trace  of  stasis  or  of 
emigration  of  leucocytes  either  in  the  Dog  or  in  the  Rabbit  after 
peptone  injections.  I,  therefore,  feel  justified  in  concluding  that  in 
all  probability  the  leucocytes  have  dissolved  in  the  plasma.  I 
believe  that  this  view  is  borne  out  also  by  a  consideration  of  the 
chemical  properties  of  peptone  plasma,  notably  by  the  fact  that  it 
deposits  on  cooling  a  heavy  precipitate  of  a  nucleo-albumen,  which  is 
probably  identical*  with  Wooldridge's  tissue  or  cell-fibrinogen,  in 
other  words,  identical  with  the  characteristic  albuminous  constituent 
of  the  white  blood  corpuscle. 

This  '*  cold  precipitate  '*  is  not  obtained  from  any  other  plasma 
except  from  oxalate  plasma,  where  I  have  obtained  it,  after  allowing 
it  to  stand  for  24  hours  before  separating  it  from  the  white  blood 
corpuscles.  Under  these  circumstances  a  certain  disintegration  of 
white  blood  corpuscles  takes  place  in  this  plasma.  The  non-occur- 
rencef  of  a  '*  cold  precipitate  "  in  leech-extract  plasma  is  in  accordance 
with  the  fact  that  this  plasma  contains  no  disintegrated  leucocytes. 
The  non-occurrence  of  the  precipitate  in  salted  plasmas  (Halliburton) 
probably  similarly  depends  on  the  fact  that  the  white  blood  corpuscles 
do  not  disintegrate  readily  in  these  plasmas,  but  it  may  be  noted  that 
Wooldridge  showed  that  the  addition  of  neutral  salts  prevented  the 
precipitation  of  his  **  cold  precipitate.'' 

We  have  thus  reason  to  believe  that  the  occurrence  of  a  precipitate 
on  cooling  peptone  plasma  is  due  to  the  fact  that  the  plasma  contains 

•  Vide  Pekelharing's  identification  of  Wooldridge's  "cold  precipitate,"  or 
'*  A-fibrinogen/'  with  the  nucleo-albumen  of  the  cell  ('Yerhandl.  d.  Konink.  Akad. 
V.  Wetenschappen,  Amsterdam/  2nd  Sect.,  Deel  1,  No.  3). 

t  See  Dickinson,  *  Joum.  of  Physiol./  toI.  11. 
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leucocytes  in  solution.  If  this  is  so,  we  have  a  ready  explanation  of 
some  of  the  other  characteristics  of  peptone  plasma,  notably  of  the 
fact  that  the  CO2  in  this  blood  is  remarkably  diminished  as  compared 
with  the  normal  blood,  and  also  of  the  fEict  that  peptone  plasma  clots 
when  a  stream  of  GO3  is  passed  through  it. 

With  regard  to  the  diminution  of  the  COs  in  peptone  blood,  Lahonsse 
(Du  Bois-Beymond's  '  Archiy,'  1889)  surmised  that  it  was  due  to  a 
driving  out  of  gas  from  the  blood.  He  based  this  view  on  the  extreme 
rapidity  with  which  this  diminution  occurred  in  the  blood  after  peptone 
injection.  Blachstein  (Du  Bois-Beymond's  *  Archiv,'  1891),  who  fol- 
lowed up  Lahousse's  work,  contributed  the  following  to  our  knowledge 
of  the  question.  A  diminution  of  COs  is  found  in  the  Babbit's  blood 
as  well  as  in  the  Dog's  blood  after  the  injection  of  peptone.  In  the 
three  experiments  reported  by  Blachstein  the  COs  of  the  normal 
Rabbit's  blood  stood  to  the  COs  of  the  peptonised  Babbit's  blood 
approximately  in  the  relation  of  4  :  3,  4  :  3,  and  3:2.  In  his  three 
experiments  on  Dog's  blood  the  ratios  were  approximately  3  :  1,  3  :  1, 
and  2:1.  It  will  be  noticed  that  the  CO2  undergoes  a  greater 
diminution  in  Dog's  peptone  blood  than  it  does  in  Rabbit's  peptone 
blood. 

Grandis  (Dvl  Bois-Beymond's  *  Archiv,'  1891)  pursued  the  subject 
further,  and  demonstrated  that  the  tension  of  COs  in  peptone  blood 
is  approximately  double  that  of  the  CO2  in  normal  blood.  He  indi- 
cates that  the  phenomena  point  clearly  to  the  liberation  of  some 
substance  with  acid  properties  in  the  blood. 

In  view  of  these  facts  I  would  suggest  that  this  substance  with 
acid  properties  is  in  all  probability  the  nuclco-albumen  of  the  white 
blood  corpuscles  which  have  become  dissolved  in  the  plasma  under 
the  influence  of  the  peptone  injection.  The  liberation  of  this  sub- 
stance in  the  blood  would  result  in  a  driving  out  of  COj  from  its 
combination  with  the  bases  of  the  blood  plasma,  and  would  thus 
account  for  the  great  diminution  of  the  CO2  in  peptone  blood.  The 
differences  in  this  respect  between  Dog's  and  Rabbit's  peptone  blood 
are  in  perfect  agreement  with  the  results  of  the  enumerations  given 
above  for  those  bloods.  The  hypothesis  of  the  driving  out  of  CO2  by 
a  liberation  of  nucleo-albnmen  in  the  blood  would  further  harmonise 
with  the  increase  of  the  tension  of  the  CO2  in  peptone  blood,  and 
also  with  the  diminished  excretion  of  CO2  after  peptone  injections 
(Bohr,  '  Centralblatt  f.  Physiol.,'  1888). 

The  fact  that  casein  (better,  perhaps,  called  "  caseinogen,"  Halli- 
burton) will  drive  out  CO2  from  CaCOa  constitutes  an  almost  perfect 
analogy  with  the  property  of  driving  out  CO2  which  is  here  surmised 
to  characterise  Wooldridge's  cell-fibrinogen.  In  both  cases  we  are 
dealing  with  nucleo-albnmens. 

With  respect  to  the  coagulation  which  is  produced   in   poptono 
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plasma  by  passing  a  stream  of  CO2*  throagh  it,  it  appears  to  me  that 
this  might  be  very  naturally  explained  by  assuming  that  we  are 
dealing  with  a  direct  reversal  of  the  process  which  occurs  when 
peptone  is  injected  into  the  blood.  The  CO2  coagulation  in  peptone 
blood  would  upon  this  hypothesis  be  dne  to  a  precipitation  of  cell- 
fibrinogen  in  the  plasma  under  the  influence  of  an  excess  o£  weak 
acid.  Sach  a  precipitation  of  cell-fibrinogen  in  the  plasma  wonld  bo 
in  some  sort  an  equivalent  of  an  addition  of  cell-6brinogen  to  peptone 
plasma,  and  would,  therefore,  naturally  inaugurate  coagulation. 

The  coagulation  of  peptone  plasma  in  vitro  by  CO*  would  be  closely 
paralleled  by  the  fact  that  intravascular  coagulation  after  injection 
of  cell-fibrinogen  occurs,  as  I  have  pointed  out  (' Joum.  of  Physiol.,* 
1890),  only  in  the  vascular  areas  where  COs  is  present  in  excess. 

The  precipitation  of  cell-fibrinogen  in  peptone  plasma  under  the 
influence  of  CO2  would  further  have  a  close  analogy  in  the  precipita- 
tion of  its  congener  caseinogen  from  diluted  milk  by  the  addition 
of  excess  of  dilute  acids. 
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bane 1891.  The  Museum. 
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Sib^rie    Orientale).      Izvestiya.      Vol.    XXIII.     Nos.    1,    3. 

[Russian,]  8vo.     Irkutsk  1892;  Zapiski.     Vol.  I.     Nos.  1 — 3. 

Vol.    II.      Nos.    1—2.      [Russian.]    8vo.      Irkutsk  1889-90; 

Zapiski  (General  Geography  Section).     Vol.  I.     No.  1.     Vol. 

II.   No.  1.    [Russian,]   8vo.   Irkutsk  1890-92.         The  Society. 

*  •This  coagulation  does  not  occur  in  any  other  plasma;  neither  does  it  occur  in 
blood  which  has  been  kept  liquid  by  an  addition  of  peptone  in  vitro.  It  may  be 
noted  that  the  addition  of  eren  8  per  cent,  of  peptone  to  blood  in  vitro  does  not 
entail  any  destruction  of  leucocytes. 
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OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 


Sib  William  Bowman  was  bom  at  Nantwich  in  1816.  His  mind 
was  in  early  life  directed  towards  natural  science ;  for  his  father, 
Mr.  John  Eddowes  Bowman,  a  banker,  was  a  Fellow  of  the  Linnean 
Society,  an  ardent  botanist  and  geologist,  an  intimate  associate  with 
many  of  the  best  naturalists  of  his  time,  and,  during  the  last  years 
of  his  life,  one  of  the  most  active  promoters  of  literary  and  scientific 
societies  in  Manchester.  The  '  Catalogue  of  Scientific  Papers'  gives 
references  to  fifteen  papers  on  various  subjects  which  were  published 
by  him  between  1828  and  1842  in  the  Transactions  of  the  Linnean 
and  Greological  Societies  or  in  scientific  journals.  They  show  that 
he  was  a  careful  and  minute  observer  in  a  wide  range  of  study,  a 
clear  and  vigorous  descriptive  writer,  and  a  good  artist ;  the  illustra- 
tions of  some  of  his  papers,  engraved  from  his  own  drawings,  are 
admirable. 

Sir  William  in  his  boyhood  studied  botany  and  geology  with  his 
father  and  drawing  with  both  his  parents  ;  for  his  mother  also  was  an 
accurate  and  skilful  artist  ad  naturam,  both  with  the  pencil  and  in 
needlework.  A  disposition  for  earnest  study  and  for  high  mental 
and  moral  culture  prevailed  in  his  home,  and  all  his  brothers  were  in 
their  several  ranges  of  work  successful  and  well  esteemed.  One  was 
'  Professor  of  Classics  in  the  Manchester  New  College ;  another  was  an 
architect  of  good  repute  in  the  same  town  and  author,  with  his 
partner,  of  a  work  on  "  The  Churches  of  the  Middle  Ages ; "  the 
third  was  Professor  of  Practical  Chemistry  in  King's  College,  and 
author  of  two  small  widely-read  books  on  Practical  Chemistry  and 
on  Medical  Chemistry.     They  all  died  before  him. 

After  completing  his  general  education  at  Hazelwood  School,  near 
Birmingham,  Bowman  was  apprenticed  to  Mr.  Joseph  Hodgson,  a 
Fellow  of  the  Boyal  Society,  Surgeon  to  the  Birmingham  General 
Hospital,  and  one  of  the  most  distinguished  surgeons  of  the  time, 
fle  could  not  have  had  better  opportunities  for  the  study  of  surgery 
than  were  thus  provided  for  him.  The  hospital,  in  which  he  was  a 
house-pupil,  supplied  large  numbers  of  cases  which  he  could  observe 
and  record,  and  Mr.  Hodgson  was  not  only  an  able  teacher  and  ai^ 
earnest  worker  in  surgery,  but,  as  is  proved  by  the  illustrations  of 
his  book  on  '  Diseases  of  the  Arteries,'  whioh  were  engraved  from  his 
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own  drawings,  he  was  an  excellent  anatomical  artist.  Thns  en* 
conraged,  Bowman  studied  constantly  and  carefully,  and  made  many 
records  of  cases  and  pathological  drawings,  some  of  which  were  pub- 
lished in  1834,  in  illustration  of  Byland's  '  Essay  on  Diseases  of  tho 
Larynx  and  Trachea.'  The  records  of  the  cases  and  the  coloured 
engravings  appear  alike  accurate,  and  are  at  least  remarkable  as  the 
work  of  a  student  only  eighteen  years  old. 

In  1837  he  entered  as  a  pupil  at  King's  College,  and,  after  the 
coarse  of  study  usual  at  that  time,  'became  a  Member  of  the  College 
of  Surgeons  in  1839.  In  the  same  year  he  was  appointed  a  Demon- 
strator of  Anatomy  and  Curator  of  the  Museum  at  King's  College, 
and  he  gave  himself  especially  to  the  study  of  minute  anatomy.  The 
improvements  of  microscopes  and  the  facilities  of  working  with  them 
had,  at  that  time,  so  increased  the  range  and  importance  of  histology 
(or  general  anatomy  as  it  was  then  called),  that  it  had  become  the 
most  attractive  of  all  the  subjects  of  biological  research.  It  was  only 
in  1836,  on  the  appointment  of  Dr.  Sharpey  at  University  College, 
that  it  was,  for  the  first  time  in  any  London  school,  separated  from  the 
teaching  of  descriptive  anatomy  and  combined  with  that  of  physio- 
logy. Dr.  Todd,  soon  after,  taught  it  in  the  same  method'  at  Eiing's 
College,  and  Bowmaii  worked  with  him  and  for  him.  Dexterous, 
patient,  loving  completeness,  and  working  after  the  manniars  of  both 
the  naturalist  and  the  artist,  he  soon  attained  great  results,  and  they 
were  shown,  especially,  in  four  papers,  illustrated  wiili  engravings 
from  his  own  drawings,  which  were  published  in  1840  and  the  follow- 
ing two  years.  The  first,  "  On  the  Structure  and  Movements  of  Volun- 
tary Muscles,"  was  published  in  the  '  Philosophical  Transactions '  for 
1840.  It  was  followed,  in  the  next  volume,  by  an  '*  Additional  Note 
on  the  Contraction  of  Voluntary  Muscles  " ;  and  in  the  volume  for 
1842  by  a  paper  "  On  the  Structure  and  Use  of  the  Malpighitm  Bodies 
of  the  Kidney  " ;  and  a  paper  "  On  the  Minute  Anatomy  of  Fatty 
Degeneration  of  tho  Liver,"  was  published  in  the  *  Lancet/  of  January 
22,  1842.  Among  the  speedy  evidences  of  the  value  of  these  papers 
were  his  election  into  the  Royal  Society  in  1841,  and  the  award  of  a 
Boyal  Medal  in  1842 ;  but  yet  more  complete  evidence  was  and  is  in 
their  abiding  reputation.  Other  anatomical  essays  of  great  value  were 
published  by  him  between  1842  and  1851.  They  include  the  articles  on 
Mucous  Membrane,  Muscle,  Muscular  Motion,  and  Pacinian  Bodies  in 
the  *  Cyclopeedia  of  Anatomy  and  Physiology,'  vol.  3 ;  eight  others 
relating  chiefly  to  muscles  and  the  sense-organs,  in  the  '  Physiological 
Anatomy  and  Physiology  of  Man,'  which  was  published  between  1843 
aud  1856,  and  of  which  Dr.  Todd  and  himself  were  joint  authors : 
and  a  small  volume  of  "  Lectures  on  the  parts  concerned  in  the 
Operations  on  the  Eye  and  on  the  Structure  of  tho  Betina,"  which 
were  given  at  the  Boyal  Ophthalmic  Hospital  in  1847,  aud  with  which 
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were  included  a  notable  paper  on  the  Stmotare  of  the  Yitreond 
Hnmonr,  and  a  few  Cases  of  Ophthalmic  Disease. 

It  may  justly  be  belieyed  that  no  series  of  papers  by  one  author 
has  been  more  important  in  the  progress  of  histology  and  of  its 
influence  on  physiology  than  wore  these.  They  have  been  called  by 
many  ''  epoch-making ; "  and  the  term  may  certainly  be  well  applied 
to  those  on  the  strncture  of  muscles  and  of  the  kidneys. 

In  the  structure  of  striated  muscle,  Bowman  showed  that  the 
whole  substance  of  the  fibre,  "  primitive  fasciculus,"  exdnsiye  of  the 
sarcolemma  and  nuclei,  "muscle-corpuscles'*  (of  both  of  which  he 
gave  the  first  minutest  account),  was  composed  of  particles,  "  sarcous 
elements,"  united  together  by  an  intermediate  material  (concerning 
which  he  offered  no  exact  opinion),  so  as  to  form  in  one  direction 
fibrillffi,  and  in  another  discs.  This  conception  cleared  away  the  many 
previous  views  as  to  the  nature  of  the  striation ;  and,  though  subse- 
quent researches  have  led  to  the  belief  that  the  structure  of  the  fibre 
is  more  complicated  than  he  thought,  yet,  in  many  ways,  the  ideas  at 
present  accepted  may  be  regarded  as  expansions  or  modifications  of 
those  expressed  in  these  papers.  The  "  sarcous  element "  is  not  now 
r^farded  as  a  simple  homogeneous  body,  but  as  one  made  up  of  dif- 
ferent parts :  but  it  is  still  held  that  the  fibre  is  made  up  of  such 
"  elements,"  and  that,  as  Bowman  believed,  the  act  of  muscular  con- 
traction consists  essentially  in  a  change  in  these  elements. 

By  his  researches  on  the  structures  of  the  kidney  he  first  made 
known  the  relation  of  the  blood-glomerules  to  the  urlniferous  tubules, 
which  were  previously  supposed  to  end  blindly  or  in  loops,  with  the 
glomerules  lying  in  spaces  outside  them.  He  gave  a  very  good 
account  of  the  circulation  in  the  kidney,  and  rendered  possible  a  true 
view  of  the  process  of  urinary  secretidli,  and  suggested  the  double 
nature  of  that  process;  a  suggestion  which  subsequent  researches 
have  done  little  more  than  amplify  and  enforce. 

In  his  work  on  mucous  membranes,  Bowman  gave  clearness  and 
distinctness  to  the  views  previously  arrived  at  by  Henle ;  and  by  his 
descriptions  of  their  structures  and  of  the  glands  associated  with  them, 
he  contributed  largely  to  the  knowledge  of  the  process  of  secretion. 
And  in  his  studies  of  the  structures  of  the  eye  he  added  clearness 
and  fulness  to  all  previous  descriptions  of  them,  and  made  many 
things  sure  that  were  before  his  work  deemed  doubtful.  Indeed,  it 
may  safely  be  said  that  scarcely  inferior  in  value  to  his  discoveries 
were  the  many  instances  in  which  his  accuracy  and  clearness  decided 
doubts  and  questions,  and  led  to  the  general  acceptance  of  his  descrip- 
tions as  sure  for  teaching  and  for  guidance  in  further  research.  And, 
though  he  did  not  often  work  at  what  might  be  deemed  experimental 
physiology,  yet  he  derived  from  his  minute  anatomy  of  structures 
many  accurate  suggestions  of  their  modes  of  action;  be  oalle4  i^ 
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Physiological  Anatomy,  and  made  it  distinctly  physiological  when- 
ever it  was  reasonable  to  deduce  function  from  structure. 

In  1848  Bowman  was  appointed  joint  lecturer  with  Dr.  Todd  on 
Physiology  and  Physiological  and  Morbid  Anatomy  at  King's  College, 
and  this  appointment  he  held  till  1855,  when  he  was  succeeded  by 
Dr.  Beale,  who  had  shared  the  lectureship  with  him  in  and  after 
1853.  His  lectures  wore,  like  his  published  works,  clear,  well- 
defined,  plainly  descriptive,  fully  illustrated  by  specimens  and  draw- 
ings ;  and  he  lectured  very  earnestly,  as  one  sure  of  the  importance 
of  his  subject,  always  at  work  in  it,  and  wanting  his  pupils  to  work 
with  him.  His  resignation  of  his  lectureship  was  due,  chiefly  to  his 
constantly  increasing  practice ;  for,  busy  as  he  had  been  in  scientific 
research,  he  had  never  neglected  surgery.  In  1840,  when  King's 
College  was  established,  he  and  Mr.  (now  Sir  John)  Simon,  who  had 
been  Senior  Demonstrator  of  Anatomy,  were  appointed  Assistant 
Surgeons,  and  in  1846  he  was  appointed  to  a  similar  ofiice  in  the 
Boyal  London  Ophthalmic  Hospital  in  Moorfields.  In  both  these  he 
gained  high  repute,  for  he  was  as  observant  in  the  practice  of  surgery 
as  he  was  in  the  study  of  structures,  and  he  was  very  dexterous  and 
careful.  It  was  for  some  time  doubtful  whether  general  or  ophthal- 
mic surgery  would  be  his  chief  occupation ;  but  this  was  determined 
by  events  over  which  he  had  no  control.  At  the  time  of  his  appoint- 
ment at  Moorfields,  in  1846,  Mr.  Dalrymple,  who  was  the  Chief 
Surgeon  to  the  hospital,  had  the  leading  ophthalmic  practice  in 
London,  but  his  health  was  failing,  and  when  he  died,  in  1851,  Bow- 
man succeeded  him  both  in  the  hospital  and  in  the  chief  private  prac- 
tice. From  this  time  he  gave  himself  almost  entirely  to  ophthalmic 
surgery,  and  his  devotion  to  it  was  increased  by  the  singular  coinci- 
dence that,  in  1851,  while  he  was  at  the  hospital,  von  Ghraefe  and 
Donders  met  there  for  the  first  time.  They  both  worked  with  him, 
studying  especially  with  the  recently  invented  ophthalmoscope ;  and 
thus  began  their  life-long  friendship  and  constant  mutual  help  and 
encouragement.  His  last  published  writing  was  his  biography  of 
Donders  in  the  49th  volume  of  the  Proceedings  of  this  Society. 

Bowman  was  singularly  well  fitted  for  ophthalmic  surgery :  light- 
handed,  dexterous,  clear-sighted,  calm,  and,  by  his  own  researches, 
familiar  with  all  the  structures  of  the  eye,  his  operations  were  fault- 
less. His  educated  sense  of  sight  made  him  perfect  in  the  use  of  the 
ophthalmoscope,  and  his  habits  of  minute  research  made  him  observant 
of  every  thing  that  might  guide  to  accurate  diagnosis.  Besides,  he  had 
many  habits  and  mental  qualities  favourable  to  the  attainment  of 
success.  He  was  punctual,  businesslike,  calm  and  delibei*ate  in  con- 
sultation, gentle  and  sympathetic,  always  clear  in  the  statement  of 
his  opinion,  making  all  feel  confidence  in  him.  And  he  never  showed 
any  of  the  faults  often  ascribed  to  specialists.     His  method  of  work 


continued,  as  it  always  had  been,  thoroaghly  scientific ;  all  the 
papers  that  he  published  show  the  same  care  and  completeness,  the 
same  earnestness  and  width  in  research  as  his  earlier  anatomical 
studies  ;  and  he  never  lost  the  advantage  of  the  general  knowledge  of 
surgery  which  he  gained  in  his  duties  at  King's  College  Hospital, 
to  which,  after  sixteen  years'  service  as  Assistant  Surgeon,  he  was 
appointed  Surgeon  in  1856. 

Of  the  numerous  ophthalmological  papers  which  he  published  after 
1850,  and  which  are  all  included  in  the  second  volume  of  his  collected 
works,  the  most  important  and  influential  on  practice  were  those  on 
the  Treatment  of  Epiphora,  in  the  *  Medico-Chirurgical  Transactions,' 
vol.  34,  and  in  the  *  Ophthalmic  Hospital  Reports,'  vol.  1,  1857 ;  on 
Conical  Cornea,  in  the  same  Reports  in  1859 ;  and  on  the  use  of  two 
needles  in  Capsular  Cataract,  in  the  same  Transactions,  vol.  36.  Other 
valuable  papers  were  published  in  the  '  Lancet '  and  other  medical 
journals,  and  in  the  *  Proceedings  of  the  Ophthalmological  Society ;  * 
and  of  all  it  may  justly  be  said,  as  it  may  of  his  minute  anatomical 
work,  that,  although  later  studies  of  the  same  subjects  have  added 
facts  and  have  increased  the  practical  utility  of  those  which  he  had 
made  known,  yet  none  have  detected  in  them  errors.  In  practice,  as 
in  minute  research,  he  was  always  accurate  and  careful,  and  limited 
his  deductions  to  such  as  he  could,  at  least,  be  nearly  sure  of.  He 
thus  exercised  great  influence  in  the  increase  and  diffusion  of  the 
knowledge  of  safe  ophthalmic  surgery,  and  scarcely  less  than  the  in- 
fluence of  his  writings  was  that  which  was  due  to  his  speedy  adoption 
of  the  right  opinions  and  practices  of  others,  especially  in  the  use  of 
the  ophthalmoscope,  and  of  the  antiseptic  treatment  of  wounds,  and 
in  the  promotion  of  von  Graefe's  pathology  and  treatment  of  glau- 
coma, and  of  Donders's  discoveries  relating  to  errors  of  refraction  and 
their  remedies. 

The  quantity  of  work  that  Bowman  did  may  appear  the  more  re- 
markable for  the  fact  that  his  health,  though  not  unsound,  was  never 
vigorous.  It  was,  probably,  for  this  reason  that  he  limited  his  work 
almost  exclusively  to  study  and  the  plain  duties  of  his  life.  In 
subjects  far  beyond  his  range  of  work  he  often  seemed  to  enjoy  think- 
ing and  wondering,  but  he  did  not  give  his  whole  mind  to  them ;  he 
worked  for  facts,  and  for  the  best  use  of  facts  in  his  practice  or  in  the 
extension  of  science.  Similarly,  he  avoided  all  the  larger  official  and 
social  occupations  of  public  and  professional  life,  and  engaged  only 
in  some  that  were  nearly  associated  with  his  proper  work,  as  in  the 
Councils  of  the  Royal  Society  and  of  King's  College,  in  the  Royal 
Institution,  in  the  Ophthalmological  Society,  of  which  in  1880  he  was 
elected  the  first  President,  and  in  the  Association  for  the  Advance- 
ment of  Medicine  by  Research,  of  which  he  might  be  regarded  as  the 
founder.     In  these  he  did  all  that  could  be  deemed  his  duty,  and  he 
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did  it  qaietly,  wisely,  and  without  self-assertion ;  just  as  he  did  many 
generoas  things  in  charity  and  the  promotion  of  religion. 

His  personal  character,  hardly  less  than  his  scientific  eminence* 
made  all  who  knew  him  wish  to  show  him  how  widely  and  deeply  he 
was  esteemed.  He  received  many  hononrs  from  nniversities  and 
scientific  societies,  the  titles  of  which  are  added  to  his  name  in  the 
List  of  Fellows ;  he  was  created  a  baronet  in  1884 ;  his  friends  at 
home  and  abroad  presented  him  with  his  portrait  by  Mr.  Ouless, 
B.A.,  and  arranged  for  the  reprinting  of  all  his  works  and  all  their 
illastrations  in  the  complete  edition  recently  edited  by  Professor 
Bordon  Sanderson  and  Mr.  Hnlke,  after  careful  reyision  by  himself ; 
and  in  1883  the  Ophthalmological  Society  founded  in  his  honour  the 
"  Bowman  Lecture.'* 

He  had  resigned  the  Surgeoncy  of  the  Ophthalmic  Hospital  in 
1876 ;  but  he  retained  the  pre-eminence  in  private  practice  till,  after 
holding  it  for  more  than  thirty  years,  he  began  to  retire  and  to  spend 
an  increasing  portion  of  his  time  at  Joldwynds,  near  Dorking,  where  he 
had  a  country-house  in  beautiful  scenery,  and  gardens  which  he  loved 
to  cultivate.     Here  he  enjoyed  the  prosperity  which  he  had  attained 
after  great  difficulties  in  his  early  professional  life,  and  with  it  he 
had  complete  domestic  happiness.   He  had  married  in  1842  a  daughter 
of  Mr.  Thomas  Paget,  a  highly  esteemed  surgeon  at  Leicester ;  they 
had  seven  children,  and,  as  he  had  imitated  his  parents  in  his  scien- 
tific and  artistic  studies,  so,  and  with  the  like  success,  were  they 
imitated  in  his  home.     As  one  who   could  speak  with  knowledge 
states,  '*  they  were  imitat'cd  in  the  high  moral  and  intellectual  train- 
ing of  the  children,'*  and  ''  in  the  high  standard  of  rectitude  which 
they  maintained.*'     But,  besides  all  this,  he  enjoyed  his  partial  re- 
tirement because  it  gave  him  time  to  gratify  his  love  of  Nature  and 
of  scientific  observation.     He  cultivated  rare  plants,  and  those  about 
which  questions  might,  perhaps,  be  determined  by  experiment ;  he 
set  apart  a  piece  of  land  in  which  he  might  find  the  fittest  place  for 
each  species,  and  subject  it  to  various  tests ;   and,  with  willing  coin- 
cidence, he  especially  studied  the  Lathrsese,  which  had  been  the  subject 
of  one  of  his  father's  earliest  investigations.     He  formed  what  Mr. 
Thiselton  Dyer,  with  whom  he  was  in  frequent  correspondence,  and 
from  whom  these  facts  were  learned,  considered  one  of  the  best  col- 
lections of  open-air  plants  in  the  country,  and  he  often  blended  his 
scientific  work  with  his  love  of  art  in  so  grouping  shrubs  and  flowers 
as  to  show  by  the  arrangement  of  forms  and  colours  the  most  perfect 
beauty.     Thus  he  attained  old  age  without  apparent  diminution  of 
mental  power  or  of  the  love  of  acquiring  knowledge ;  and,  to  the  last, 
his  studies  of  science  and  of  art  gave  him  great  happiness.     It  was 
little  more  than  a  week  after  his  final  retirement  from  practice,  and 
his  leaving  the  house  in  ClifiEord  Street  in  which  he  had  long  lived, 
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that,  on  the  29th  of  March,  in  last  year,  he  died  of  pneumonia  at 
Joldwynds. 

J.  P. 

Carl  Schoblemmer,  Professor  of  Organic  Chemistry  in  Victoria 
University,  Owens  College,  Manchester,  was  bom  in  1834,  at  Darm- 
stadt, a  town  remarkable  as  having  given  birth  to  many  distinguished 
chemists.  He  was  educated  at  Darmstadt  and  at  Giessen  ;  he  came 
to  Manchester  as  private  assistant  to  Professor  Boscoe,  in  the  year 
1858,  and  shortly  afterwards,  on  the  resignation  of  Mr.  Dittmar,  he 
became  the  official  laboratory  assistant  in  Owens  College.  In  this 
position  he  not  only  supervised  the  practical  work  of  the  laboratory, 
but  also  lectured  on  organic  chemistry ;  yet  he  found  time  for  original 
investigation,  and  shortly  afterwards  began  his  work  on  the  hydro- 
carbons, which  has  placed  his  name  high  in  the  list  of.  organic 
chemists  of  the  century.  The  commencement  of  this  research  was 
due  to  the  initiative  of  the  late  Mr.  John  Barrow,  of  the  Dalton 
Chemical  Works,  Oorton,  who  placed  a  sample  of  the  light  oils 
which  he  had  obtained  in  the  distillation  of  cannel  coal  at  Professor 
Boscoe's  disposal.  At  that  time  our  knowledge  of  the  chemical  com- 
position of  the  light  boiling  coal-oils  was  very  incomplete,  and  Schor- 
lemmer  was  urged  to  begin  the  investigation. 

This  work  led  to  results  which  altogether  modified  the  existing 
ideas  concerning  the  constitution  of  the  paraffin  hydrocarbons,  and 
laid  the  foundation  of  the  modem  science  of  organic  chemistry. 

Up  to  184)8  the  only  known  member  of  the  paraffin  series  of  hydro- 
carbons was  methane,  CH4.  In  the  above  year  the  researches  of 
Kolbe,  on  the  one  hand,  on  the  electrolysis  of  the  fatty  acids,  and 
those  of  Frankland,  on  the  other,  respecting^  the  isolation  of  the 
so-called  alcohol  radicals,  had  opened  out  new  fields  for  investiga- 
tion. 

The  hydrocarbons,  then  termed  the  alcohol  radicals,  were  supposed 
to  contain  two  molecules  of  the  radical,  methyl  being  represented  as 
CHj — CHj,  ethyl  as  CsHs — C2n5.  Together  with  these,  a  second 
series  of  hydrocarbons,  possessing  the  same  composition,  was  supposed 
to  exist,  thus  :  CsH^H,  ethyl  hydride,  having  the  same  composition  as 
the  radical  methyl,  and  CiHgH,  butyl  hydride,  having  the  same  com- 
position as  the  radical  ethyl,  were  considered  as  being  bodies  stand- 
ing in  the  same  relation  to  the  radical  as  an  alcohol  does  to  an 
ether. 

The  existence  of  two  such  series  of  hydrocarbons  is,  however,  only 
explicable  upon  the  supposition  of  a  difference  existing  between  the 
four  combining  powers  of  each  carbon  atom,  and  such  a  supposition 
is  at  variance  with  a  general  theory  of  the  mode  of  building  up  of  the 
carbon  compounds. 
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Scliorlemmer  at  once  saw  the  importfince  of  the  question,  and  not 
only  seized  upon  the  correct  method  of  solution,  hut  carried  it  out 
successfully.  If,  said  he,  the  radical  methyl,  GHj — OHs,  is  identical 
with  ethyl  hydride,  GaHftH,  not  only  must  they  have  the  same  pro- 
perties, but  must  yield  the  same  product  on  treatment  with  chlorine. 

This  identity  he  proved,  experimentally,  not  only  in  the  above,  the 
most  simple  instances,  but  also  in  the  more  complicated  cases  of 
ethyl-amyl  and  di-amyl,  CiHs — CfHn  and  CsHh — OsHh,  these  hydro- 
carbons being  shown  to  yield,  respectively,  chloride  of  heptyl  and 
chloride  of  decatyl,  GiHisCl  and  G10H31CI.  It  is  difficult  to  over- 
estimate the  importance  of  this  discovery,  for  it  proved  the  non- 
existence of  two  sets  of  isomeric  hydrocarbons  of  the  paraffin  series, 
and,  therefore,  placed  the  theory  of  carbon  combination  on  a  firm 
basis.  This,  though  the  most  important  of  Schorlemmer's  researches, 
is  only  one  amongst  many,  a  list  of  thirty-two  separate  papers  being 
found  in  the  Boyal  Society's  Catalogue.  In  1871  he  was  elected  a 
Fellow  of  the  Boyal  Society,  and  in  1874  his  position  in  the  scientific 
world  was  acknowledged  by  the  creation  by  the  Council  of  Owens 
College  of  a  distinct  Chair  of  Organic  Chemistry,  the  only  one  at  pre- 
sent in  England,  of  which  he  was  the  first  occupant. 

It  was,  however,  not  only  as  an  expert  experimentalist  that 
Schorlemmer  excelled.  He  possessed  an  exhaustive  knowledge,  un- 
common even  amongst  professional  chemists,  of  the  extensive  litera- 
ture, not  only  of  the  chemical  science  of  his  day,  but  also  of  that  from 
the  earliest  times. 

His  acquaintance  with  other  subjects  was  also  considerable ;  thus, 
if  he  had  not  been  a  distinguished  chemist,  he  would  have  been  an 
equally  remarkable  botanist.  Moreover,  he  possessed,  in  fall  measure, 
that  dogged  power  of  work  which  distinguishes  the  German,  and 
which  has  placed  that  people  in  the  front  as  a  nation  of  investigators. 

He  became  joint  author  with  Professor  Roscoe  in  the  *  Treatise  of 
Chemistry,'  and  in  the  organic  portion  of  that  work  especially,  he 
has  shown  both  a  perfect  knowledge  of  the  science,  and  remarkable 
literary  power.  Only  those  who  have  attempted  to  write,  even  a 
moderately  complete  treatise  on  modem  organic  chemistry,  can  know 
what  serious  labour  such  work  entails.  Several  distinguished 
chemists  have  given  up  the  task  as  hopeless,  and  have  not  completed 
what  they  had  begun.  If  Schorlemmer's  life  had  been  spared, 
nothing  would  have  pi-ovented  him  from  bringing  his  work  to  a 
satisfactory  conclusion. 

As  a  laboratory  teacher  Schorlemmer  was  excelled  by  few,  merely 
as  a  lecturer  by  many.  But,  although,  like  some  eminent  lecturers, 
his  diction  may  have  been  faulty,  the  staple  ai'ticle  was  there,  and  no 
real  student  who  passed  through  his  hands  can  be  named  who  does 
not  express  his  admiration  for  the  man,  and  the  sense  of  obligation 


which  he  felt  for  the  masterly  instruction  which  he  received.  The 
long  list  of  honours  which  his  students  gained,  hoth  in  London,  and 
afterwards  in  the  Victoria  University,  prove  how  snccessfnl  his 
teaching  was. 

Although  for  many  years  a  naturalised  Englishman,  and  enjoying 
and  appreciating  English  freedom  and  English  ways,  he  retained 
more  than  is  usual  a  lively  interest  in  the  welfare  of  the  "  Yater- 
land.'' 

Schorlemmer's  name  will  long  be  remembered  in  the  annals  of  our 
science  as  an  investigator,  as  an  author,  and  as  a  teacher. 

'  xi.  E.  R, 

Henbt  Tibbats  Stainton,  who  died  at  Mountsfield,  Lewisham,  on 
December  2,  1892,  was  the  eldest  son  of  Henry  Stainton,  Esq.,  of 
Lewisham.  He  was  bom  in  London  on  August  13,  1822,  but  was 
removed  to  Lewisham  when  only  a  few  weeks  old,  and  thus  practi- 
cally resided  all  his  life  in  this  now  suburban  borough.  He  was 
educated  almost  entirely  at  home,  and  by  a  lady,  and  finally  for  a 
short  time  at  King's  College,  where  amongst  his  companions  was 
Professor  Cayley.  The  regulations  of  his  father's  household  were 
very  stringent,  and  young  Stainton  during  the  whole  of  his  childhood 
and  boyhood  was  not  allowed  to  mix  with  companions  of  his  own 
age,  and  to  this,  and  partly  perhaps  also  to  extreme  myopia,  the 
marked  diffidence,  amounting  almost  to  shyness,  exhibited  by  him 
throughout  life  was  probably  due.  For  several  years  he  was 
engaged  in  commercial  occupations  under  his  father,  and  thus 
acquired  those  habits  of  method  and  accuracy  that  were  so  marked 
in  his  character  during  the  whole  of  his  career,  for  he  never 
wrote  a  lettei*  to  which  there  was  the  slightest  possibility  at- 
tached of  reference  to  it  being  necessary  hereafter  without  hand 
copying  it.  About  the  year  1840  he  made  the  acquaintance  of  the 
Bev.  William  Johnson,  a  friend  of  his  father,  and  an  ardent  col- 
lector of  British  Lepidoptera,  and  it  was  no  doubt  from  him  that  he 
acquired  a  taste  for  entomological  pursuits,  to  which  he  at  once  de- 
voted himself  with  great  ardour.  From  the  first  his  attention  as  a 
specialist  turned  to  the  small  Moths  known  as  Micro-Lepidoptera, 
and  one  of  his  first  essays  was  "  A  Monograph  of  the  British 
Argyromiges,"  published  in  the  '  Zoologist '  for  1848,  a  work  which  he 
was  in  after  years  wont  to  style  "  most  rubbishy."  At  the  commence- 
ment of  his  scientific  career  Stainton  discovered  that  British  ento- 
mologists were  not  in  touch  with  their  fellow- workers  on  the  Conti- 
nent and  elsewhere,  and  he  commenced  a  correspondence  with  all  the 
prominent  students  of  his  special  branch,  which  as  years  went  on 
was  strengthened  by  visiting  them  personally  and  by  inviting  them 
to  be  his  guests  at  Mountsfield.    After  the  death  of  James  Francis 


StepbenS)  in  1852,  he  acqaired  the  very  extensive  library  formed 
by  that  entomologist,  and  built  an  annexe  to  his  house  for  its  recep- 
tion, and  this  formed  the  nucleus  of  the  rich  collection  of  entomo- 
logical works  of  which  he  ultimately  became  possessed. 

Stainton's  forte  undoubtedly  lay  in  the  direction  of  working  out 
the  life  histories  of  the  minute  Inseots  he  studied.  When  in  early 
life  other  occupations  gave  him  but  little  of  an  ordinary  working 
day  to  devote  to  his  studies,  he  got  over  the  difficulty  by  rising  at 
five  o'clock  in  the  morning,  and  this  habit  (which  was  partly  inhe- 
rited) he  continued  down  to  the  beginning  of  his  &tal  illness.  The 
minute  size  and  the  concealed  habits  of  the  majority  of  the  objects 
of  his  study  rendered  the  greatest  patience  necessary  for  the  dis- 
covery of  their  modes  of  life,  and  the  peculiar  condition  of  his  eye- 
sight (before  alluded  to)  no  doubt  aided  him,  for  by  the  unaided  eye 
he  was  able  to  detect  what  to  most  others  was  invisible  without  a 
lens,  and  it  was  probably  owing  to  this  cause  that  during  the  whole 
of  his  life  he  was  never  able  to  use  the  compound  microscope,  i>ut 
contented  himself  with  a  pocket  glass  of  comparatively  low  power. 
His  principal  separate  works  are,  'An  Attempt  at  a  Systematic 
Catalogue  of  the  British  TineidsB  and  PterophoridsB,'  1849,  with 
Supplement  in  1851 ;  the  volume  on  '*  Tineina "  in  the  *  Insecta 
Britannica '  series,  1854,  which  from  a  strictly  scientific  point  of  view 
is  usually  regarded  as  his  best ;  '  A  Manual  of  British  Butterflies  and 
Moths,'  2  vols.,  1857  and  1859,  which  is  still  the  most  concise  treatise 
on  the  subject;  *The  Natural  'History  of  the  TineinsB,'  in  13  vols., 
1855-73,  with  the  assistance  of  his  old  friend  Mr.  J.  W.  Douglas, 
and  of  Professor  Zeller,  of  Glogau  (afterwards  Stettin),  and  Pro- 
fessor Frey,  of  Ztirich,  an  ambitious  work  in  four  languages,  each 
volume  delineating  and  describing  the  life  histories  of  a  large  number 
of  species,  and  for  which  a  host  of  still  unpublished  material  had 
been  accumulated ;  several  local  faunas,  such  as  the  '  Tineina  of 
Southern  Europe '  (in  connexion  with  which  he  passed  each  spring 
for  many  years  upon  the  Riviera)  ;  *  Tineina  of  Syria  and  Asia 
Minor' ;  and  *  Tineina  of  North  America'  (the  latter  edited  by  him). 
He  also  published  many  papers  in  the  Transactions  of  Societies  and 
in  Journals,  and  in  connexion  with  entomological  journalistic  litei^- 
ture  Stainton  became  most  prominent.  In  1856  he  established  the 
*  Entomologist's  Weekly  Intelligencer,'  published  at  one  penny  (!),  an 
attempt  to  popularise  the  study  in  this  country,  with,  at  the  same 
time,  a  view  to  induce  mere  collectors  to  look  at  the  subject  from  a 
nioro  serious  point  of  view.  If  not  always  successfal,  he,  through 
the  medium  of  this  journal,  was  the  means  of  bringing  forward  many 
young  men  who  afterwards  became  prominent  workei'S.  The  *  Intel- 
ligencer '  wetit  through  ten  volumes,  and  was  discontinued  in  1861. 
The  *  Entomologist's  Annual '  was  commenced  in  1855  and  continued 
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to  1874,  mainly  a  resumS  of  the  additions  to  the  British  Insect  fauna 
in  each  year.  In  1864  he,  in  conjunction  with  several  friends  (of 
whom  the  writer  of  this  notice  was  one),  established  the  'Entomo- 
logist's Monthly  Magazine/  which  continues,  and  of  which  he  looked 
over  the  revise  of  the  number  for  December,  1892,  only  a  few 
days  before  his  death.  For  many  years  he  held  rSunions  of  young 
entomologists  at  his  house,  for  a  long  time  every  Wednesday  evenings 
and  subsequently  less  frequently ;  and  it  was  on  one  of  these  occasions 
that  the  writer  first  met  him,  about  thirty-five  years  ago,  an  event  that 
ripened  into  a  friendship  for  life. 

In  1848  he  joined  the  Entomological  Society  of  London,  was  a 
Secretary  in  1850-51  and  President  in  1881-82,  and  there  were  few 
more  regular  attendants  at  the  meetings.  He  was  elected  into  the 
Linnean  Society  in  1859,  was  a  Secretary  for  a  short  time,  and  a 
Vice-President  in  1883-85.  He  became  F.B.S.  in  1867,  and  was  on 
the  Council  in  1880-82.  At  the  meetings  of  the  British  Association 
for  the  Advancement  of  Science  he  acted  as  a  Secretary  of  Section 
D  in  1864,  and  from  1867  to  1872.  He  became  Secretary  of  the 
Ray  Society  in  1861  at  a  critical  moment  in  its  history,  and  con- 
tinued down  to  1872.  In  1871  he  was  instrumental  in  founding  the 
*  Zoological  Record '  Association,  of  which  he  became  Secretary  until 
the  publication  was  taken  over  by  the  Zoological  Society  in  1886, 
and  to  his  liberality  it  was  largely  owing  that  the  '  Record '  was  not 
allowed  to  lapse. 

The  indications  given  above  show  some  of  the  results  (but  by  no 
means  all)  of  an  unusually  busy  life ;  in  fact  Stainton  revelled  in 
work.  He  was  never  of  a  strong  constitution,  and  suffered  much 
from  gastric  troubles.  It  must  be  now  fully  fifteen  years  ago  that 
he  had  a  serious  illness,  but  not  of  long  duration.  Nevertheless 
those  who  knew  him  intimately  noticed  a  marked  change  in  his 
character  afterwards.  His  capacity  for  close  continuous  study  be- 
came impaired,  and  he  sought  work  more  and  more  in  a  secretarial 
and  administi*ative  direction. 

Stainton  was  a  man  of  great  geniality,  and  also  of  most  marked 
individuality,  extremely  methodical  and  conservative  in  his  habits, 
slow  to  accept  or  even  to  realise  changes,  yet  his  astonishment  when 
he  became  convinced  that  a  change  was  beneficial,  and  that  he  had 
not  found  it  out  before,  was  sometimes  almost  ludicrous.  In  politics 
he  was  an  active  Liberal,  and  took  a  prominent  position  in  the  party 
so  far  as  concerned  West  Kent,  and  subsequently  the  Borough  of 
Lewisham,  until  the  recent  "  split,"  when  he  became  a  dissentient.  As 
a  friend,  only  those  who  knew  him  long  and  intimately  can  realise  the 
loss  they  have  sustained.  As  a  benefactor,  those  who  received  proof 
of  his  generosity  were  many,  but  in  this  respect*  he  '*  did  g^ood  by 
stealth,"  and  it  was  not  until  after  his  death  that  the  writer  had  even 
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an  idea  of  the  pecaniary  help  received  from  him  by  some  of  his 
fellow-workers.  In  local  affairs  his  interest  and  benevolence  in  the 
educational  and  charitable  institutions  of  the  parish  of  Lewisham  are 
now,  alas  I  matters  of  history. 

For  more  than  two  years  before  his  death  his  friends  noticed  with 
concern  that  his  health  was  visibly  and  seriously  impaired.  A  severe 
^attack  of  eczema  was  followed  by  chorea,  and  this  by  severe  gastric 
disturbance.  About  a  year  ago,  indications  of  cancer  of  the  stomach 
showed  themselves,  and  became  more  and  more  confirmed.  His  ill- 
ness was  painless,  but  the  great  weakness  constantly  increased,  as 
did  his  inability  to  retain  or  as^milate  nourishment,  and  he  passed 
peacefully  away,  in  full  possession  of  his  mental  faculties  to  the 
last. 

In  1846  he  married  Isabel,  the  youngest  daughter  of  Thomas  Dunn, 
Esq.,  of  Sheffield,  but  had  no  family.  She  survives  him,  and  was  his 
constant  companion  in  all  his  work,  travels,  and  excursions,  and  his 
devoted  attendant  during  his  long  illness. 

B.  McL. 

^  Thomas  Arghbb  Hirst,  the  third  and  youngest  son  of  Mr.  Thomas 
Hirst,  a  wool-stapler,  was  bom  at  Heckmondwike,  in  Yorkshire,  on 
22nd  April,  1830.  He  was  educated  at  the  West  Biding  Proprietary 
School ;  and,  in  1844  he  became  an  articled  pupil  of  a  surveyor  at 
Halifax.  It  was  in  this  office  that  he  made  the  acquaintance  of  John 
Tyndall,  who  became  a  life- long  friend  of  Hirst,  and  exercised  a  deep 
influence  on  his  scientific  career;  and,  in  particular,  it  was  the 
example  of  Tyndall  which  led  him  to  give  up  the  pursuit  of  the 
profession  at  first  chosen  for  him.  Tyndall  had  left  England  to 
study  chemistry,  under  Bunsen,  at  Marburg;  and  thither  Hirst 
followed  him,  in  1849,  to  study  mathematics,  physics,  and  chemistry. 
After  three  years  at  that  University  he  obtained  the  degree  of  Ph.D., 
on  examination  in  his  three  subjects  and  an  approved  dissertation  in 
analytical  geometry.  Subsequently,  a  short  time  was  spent  in 
Gottingen  with  Gkuss  and  Weber,  and  then  he  went  to  Berlin  where 
he  attended  lectures  by  Dirichlet,  Steiner,  and  Joachimsthal.  His 
intercourse  with  Steiner  did  much  to  determine  the  ultimate  bent  of 
his  mathematical  investigations ;  but  some  years  elapsed  before  it  was 
fully  indicated,  as  the  majority  of  his  earlier  papers  are  devoted  to 
researches  in  mathematical  physics. 

He  succeeded  Tyndall,  at  Queen  wood,  in  1853,  on  the  appointment 
of  the  latter  at  the  Boyal  Institution ;  but  this  post  was  resigned  in 
1856  on  account  of  the  delicate  health  of  his  wife,  whom  he  had 
married  in  1854.  The  succeeding  winter  was  spent  at  Biarritz  and 
Pau,  but  without  permanent  good  results,  as  Mrs.  Hirst  died  in 
Paris,  in  1857.     Tyndall   took   him  to  Switzerland  for  six  weeks. 
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and,  on  their  retnm,  left  him  in  Paris,  where  the  next  winter  was 
occupied  in  attending  lectures  by  Gbasles,  Lam6,  and  others,  and  in 
making  the  acquaintance  of  the  leading  French  mathematicians.  In 
the  winter  of  1858-59  he  was  in  Rome ;  and  subsequently  he  travelled 
in  Italy,  making  the  acquaintance  of  many  mathematicians,  especially 
of  his  friend  Cremona. 

Betorning  to  England  in  1860,  he  was  appointed  mathematical 
master  at  Uniyersity  College  School ;  and  he  held  this  post  for  a 
period  of  five  years,  during  which  he  made  his  first  developments  in 
teaching  geometry.  The  experience  of  the  results  then  attained  led 
him  to  join  the  Association  for  the  Improvement  of  Geometrical 
Teaching,  when  it  was  formed  in  1871 ;  and  for  the  first  seven  years 
of  its  existence  he  was  its  President  and  took  an  active  part  in  its 
work. 

He  had  been  elected  a  Fellow  of  the  Royal  Society  in  1861,  and  it 
was  from  this  date  onwards  that  his  researches  are  devoted  to  the 
various  branches  of  pure  geometry  which  proved  of  most  absorbing 
interest  to  him.  He  was  appointed  Professor  of  Physics  at  University 
College  in  1865,  and,  on  the  death  of  Professor  De  Morgan  in  1867, 
he  succeeded  to  the  Professorship  of  Pure  Mathematics ;  but  the 
latter  chair  he  resigned  in  1870  to  become  Assistant  Registrar  in  the 
University  of  London.  In  1873,  the  date  of  the  establishment  of  the 
Royal  Naval  College  at  Greenwich,  he  was  appointed  Director  of 
Naval  Studies;  and  he  continued  to  discharge  the  duties  of  that 
office  for  ten  !  years.  The  precarious  condition  of  his  health  then 
compelled  him  to  resign :  and  he  subsequently  lived  in  comparative 
retirement,  spending  most  of  his  winters  abroad,  until  his  death  on 
16th  February,  1892.     • 

Hirat  took  a  prominent  part  in  the  foundation  of  the  London 
Mathematical  Society  in  1865,  served  as  its  President  from  1872  to 
1874,  and  was  a  member  of  its  Council  for  over  twenty  years.  His 
.  active  co-operation  with  the  Society  did  much  to  extend  its  influence : 
'  and  it  was  largely  to  the  pages  of  its  Proceedings  that  his  papers  on 
pure  geometry  were  contributed.  These  are  the  papers  containing 
the  particular  researches  for  which  a  Royal  Medal  was  awarded  to 
him  in  1883— the  year  which  practically  marks  the  termination  of 
his  public  life.  He  had  served  on  the  Council  of  the  Royal  Society  in 
the  years  1864r-66,  1871-73,  1880-82 :  after  1883,  the  only  sign  of 
activity  was  the  production  of  several  papers,  one  of  which  in  continua- 
tion of  his  earlier  researches  is  of  considerable  importance. 

The  amount  of  Hirst's  published  work  is  not  great ;  but  his  work 
is  valuable,  and  an  appreciable  portion  of  it  has  been  translated 
into  French  and  into  Italian.  His  papers  are  singularly  clear :  and 
side  issues,  that  might  lead  him  away  from  the  main  line  of  develop- 
ment of  his  subjects,  are  severely  excluded.     It  is  evident  that  he 
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bestowed  great  care  not  merely  in  carrjing  oat  his  investigations, 
but  in  considering  the  form  in  which  they  are  expressed :  and  his 
reluctance  to  premature  publication  of  incomplete  work  may  be 
gathered  from  the  fact  that,  though,  on  quitting  the  Presidential  Chair 
of  the  London  Mathematical  Society  on  12th  November,  1874,  he 
made  a  brief  statement  of  some  results  which  he  had  obtained  in  the 
theory  of  Correlation  of  Space,  the  full  exposition  of  his  results  was 
not  communicated  to  the  Society  until  9th  Jannary,  1890. 

The  work  with  which  his  name  as  a  mathematician  will  be  most 
definitely  associated  is  contained  in  his  papers  on  the  Correlation  of 
Planes  and  the  Correlation  of  Space.  The  simplest  space  of  two 
dimensions  is  a  plane,  and  the  elements  of  such  a  spaoe  are  a  point 
and  a  straight  liae;  a  correspondence  is  established  between  two 
planes  when  all  the  elements  of  one  plane  are  connected  by  a  relation 
or  relations  with  all  the  elements  of  the  other.  When  the  relations 
are  such  that,  in  general,  one  element  of  one  plane  is  associated  with 
one  (and  with  only  one)  element  of  the  other  plane,  and  vice  versa, 
the  correspondence  is  unique.  If  each  point  in  one  plane  corresponds 
uniquely  with  a  point  in  the  other,  and  likewise  each  line  in  one 
plane  uniquely  with  a  line  in  the  other,  the  correspondence  is  called 
a  homography  :  the  theory  of  homography  is  considered  at  length  by 
Chasles  in  his  *  Traits  de  G^metrie  Sup^rieure.'  If  each  point  in  one 
plane  correspond  uniquely  with  a  line  in  the  other,  and  likewise  each 
line  in  the  one  plane  with  a  point  in  the  other,  the  correspondence  is 
a  correlation.  A  few  properties  of  correlative  planes  are  proved  by 
Chasles  in  the  treatise  quoted :  it  is  Hirst's  distinction  to  have  con- 
structed the  theory  of  correlation  of  planes  and  to  have  developed  it 
to  a  great  degree  of  perfection.  The  extension  of  the  theory  of 
correlation  so  that  it  may  be  applied  to  space  of  three  dimensions 
was  adverted  to  by  Chasles  in  his  *  Aper9u  Historique';  the  full  ex- 
tension was  carried  out  by  Hirst,  whose  investigations  in  this  subject, 
together  with  those  of  his  friends  Rudolf  Sturm,  Cremona,  and  others, 
have  resulted  in  important  and  substantial  additions  to  the  theory  of 
pure  geometry. 

The  following  memoranda  of  Dr.  Hirst  are  doe  to  Professor 
Tyndall ;  the  present  state  of  his  health  is  sufficient  to  account  for 
their  brevity. 

A.  R.  F. 

^Memoranda  concerning  Dr.  Hirst.] 

The  "  railway  mania  "  was  at  its  height,  and  profitable  employ- 
ment was   in   prospect  for  young  men    trained   to  the  use  of   the 
theodolite,  spirit-level,  chain,  and  drawing-pen.    Youths  of  well-to-do 
fdmilies  were  articled  in  numbers  to  a  profession  offering  so  many 
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attractions.  Under  sacli  circumstances,  Thomas  Archer  Hirst  was 
articled,  in  1846,  to  Mr.  Bichard  Carter,  then  resident  in  Halifax,  in 
whose  office,  at  the  time,  I  happened  to  be  principal  assistant.  He 
was  then  about  sixteen  years  of  age.  His  father  had  been  engaged  in 
the  wool  trade,  his  mother  was  a  widow,  and  he  was  the  youngest  of 
a  family  of  three  sons. 

The  West  Riding  of  Yorkshire  was  then  the  battle-field  of  two 
great  rival  railway  eojnpanies — the  West  Biding  Junction  and  the 
West  Riding  Union.  Our  duty  at  the  time  consisted  in  the  prepara- 
tion of  plans  and  sections  of  the  lines  proposed  by  the  latter  company. 
Save  in  the  office,  I  saw  but  little  of  Hirst  at  the  commencement — 
he  being  told  off  in  the  field  to  a  party  different  from  mine.  But  an 
intimacy  gradually  grew  up  between  us,  and  in  due  time,  though 
I  was  ten  years  his  senior,  we  became  steadfast  friends.  In- 
fluenced by  the  writings  of  Carlyle,  Emerson,  Fichte,  and  other 
philosophers,  I  held,  in  those  days,  very  serious  views  of  human  con- 
duct and  duty.  After  some  time,  I  noticed  that  my  oonversations 
with  Hirst  were  producing  a  similar  shade  of  earnestness  in  his  mind. 
In  1848,  I  quitted  England  for  Germany,  choosing  the  University  of 
Marburg,  in  Hesse  Cassel,  where,  in  regard  to  science,  Bunsen  was 
then  the  leading  star.  Hii'st,  instead  of  pursuing  the  profession 
chosen  for  him,  soon  resolved  to  follow  me  to  that  University.  He 
paid  me  a  preliminary  visit  in  the  summer  of  1849.  It  was  associated 
with  a  pathetic  incident.  Prior  to  the  examination  for  the  Doctor's 
Degree,  it  was  customary  for  the  candidates  to  visit  the  Professors, 
and  to  invite  them  to  be  present  at  the  examination.  I  was  on  my 
way  to  the  rooms  of  one  of  the  Professors,  when  the  postman,  meeting 
me  in  the  street,  placed  a  letter  in  my  hands.  It  was  £rom  a  young 
colleague  of  Hirst's,  who  worked  in  the  same  office  with  him  in 
Halifax.  I  was  stunned  by  the  perusal  of  its  first  few  lines.  Hirst 
had  left  his  mother  in  good  health,  and  this  letter  informed  me  of 
her  sudden  death.  The  writer  told  me  that  he  had  also  written  to 
Hirst,  but  that  knowing  his  strong  attachment  to  his  mother,  he  was 
afraid  to  let  him  know  the  worst.  He  trusted  to  my  discretion 
to  disclose  it  to  him  in  the  gentlest  manner  possible.  On 
returning  to  our  lodgings,  I  formd  that  Hirst  had  received  the 
letter  announcing  his  mother's  illness,  and  was  making  preparations 
for  his  immediate  return  to  England.  He  was  far  from  well.  In 
those  days  he  frequently  suffered  from  a  malady  of  the  throat,  which 
entirely  quitted  him  in  later  years.  Everything  being  prepared  for 
the  journey,  he  had  his  trunk  taken  to  the  coach  office,  where,  after 
waiting  some  time,  he  entered- the  Post  Wag  en,  1  was  in  great  per- 
plexity ;  for,  while  shrinking  from  imparting  to  him  the  knowledge 
in  my  possession,  I  could  not  bear  to  allow  him  to  return,  cherishing 
the  delusion  that  his  mother  still  lived.     On  squeezing  his  hand  for 
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the  last  time,  I  said  to  him,  "  Dear  Tom,  prepare  your  mind  for  the 
worst.*'  His  reply  was  a  startled,  steadfast  look,  and,  in  a  moment, 
he  added,  "  John,  my  mother  is  dead.  Tell  me  all ;  I  can  bear  it." 
'*  Ye^,"  I  replied,  "  she  is  dead,"  and  he  drove  away. 

After  my  severance  from  Halifax,  Hirst  waa  accustomed  to  bold  a 
little  weekly  symposium  in  his  lodgings.  A  group  of  young  fellows 
desiring  intellectual  intercourse  used  thus  to  meet,  mainly  for  the 
discussion  of  questions  touching  upon  religion.  One  of  them,  I 
remember,  was  the  son  of  a  Congregationalist  minister ;  another  a 
young  author  of  considerable  ability — at  that  time  an  ardent  admirer 
of  Carlyle,  but  who  aftei*wards  became  an  equally  ardent  Roman 
Catholic.  Hirst  had  now  grown  into  a  tall  man,  with  a  singularly 
noble  countenance.  It  was  interesting,  indeed,  to  observe  how  this 
nobility  of  expression  increased  as  thought  and  aspiration  mingled 
more  and  more  with  his  physical  conformation.  His  hair  was  dark, 
his  forehead  finely  formed,  his  nose  and  general  features  well 
chiselled.  The  only  exception  that  oould  be  taken  to  the  beauty  of 
his  countenance  was  a  certain  looseness  of  lip,  which  seemed  to 
indicate  a  lack  of  firmness  of  character.  But  the  indication  was 
deceptive,  for  Hirst  could  be  immovable  when  circumstances  called 
forth  the  exercise  of  firmness. 

There  was,  at  that  time,  near  Halifax,  a  tract  of  heath-land  called 
Skircoat  Moor,  at  one  comer  of  which  stood  a  little  cottage  called 
*'  The  Birdcage."  The  widow  who  occupied  this  cottage  eked  out  a 
livelihood  by  selling  sweets  to  the  children  who  came  to  the  moor. 
She  had  one  son,  who  had  begun  life  as  an  errand  boy  in  a  printer's 
office,  but  who,  by  g^ood  conduct  and  intelligence,  had  risen  to  a  highly 
respectable  position  in  one  of  the  mills.  This  youth,  whose  name  was 
Booth,  attended  Hii^st's  symposium.  His  health  began  to  fail,  and 
Hirst  observed  with  anxiety  the  increasing  pallor  of  bis  countenance 
as  he  walked  to  and  from  his  work.  Medical  advice  was  resorted  to, 
and  Booth's  malady  was  pronounced  to  be  consumption.  His  weak- 
ness increased,  his  usefulness  as  a  clerk  diminished,  until  at  last 
Hirst  insisted  that  he  must  cease  working  and  direct  the  whole  of 
his  attention  to  the  care  of  his  health.  As  to  his  salary,  he  (Hirst) 
undertook  to  make  that  good.  The  poor  youth  lingered  long.  Hirst 
had  followed  me  to  Marburg,  had  quitted  that  University,  and  had 
become  a  favourite  pupil  of  the  illustrious  Steiner  at  Berlin.  The 
Semester  had  begun  ;  its  busiest  time  had  set  in.  One  morning,  how- 
ever, he  made  his  appearance  in  London,  and  told  me  that  Booth, 
who  was  obviously  dying,  had  written,  imploring  his  benefactor  to 
visit  him.  In  response  to  that  letter.  Hirst  had  quitted  his  studies 
and  had  come  over  to  England.  Travelling  down  to  Halifax,  be 
found  that  Booth's  chief  anxiety  related  to  his  mother.  *'  What  will 
become  of  her,"  he  exclaimed,  "  when  I  am  gone  P  "     The  means  at 
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Hirst*B  command  at  the  time  were  verj  moderate.  THrongh  the 
accidents  of  trade,  or  the  miscondnct  of  individnals,  the  property  left 
by  his  father  had,  in  great  part,  disappeared.  Still,  without  a 
moment's  hesitation,  he  gave  the  dying  youth  the  comforting  assur- 
ance that  his  mother  would  be  properly  taken  care  of.  For  some  years 
afterwards,  while  Hi|:^t  continued  in  Germany,  I  was  myself  the 
intermediary  through  whom  the  widow's  allowance  passed  to  her 
hands. 

The  sum  paid  when  Hirst  was  articled  to  Mr.  Garter,  together  with 
a  professional  education  of  five  years,  was  naturally,  on  the  part  of 
his  relatives,  expected  to  produce  some  tangible  result;  and  when 
they  found  that  he  had  resolved  to  relinquish  it  all  for  the  sake  of 
the  cultivation  of  his  intellect,  they  thought  his  resolution  a  wild  one. 
But  he  never  wavered  for  a  moment,  and,  except  on  occasions  when 
his  health  caused  me  anxiety,  I  never  wavered  in  the  conviction  that 
the  step  he  had  ti|.ken  was  a  wise  one.  Throughout  the  winter  and 
spring  in  Marburg,  our  days  were  spent  in  labour,  attending  lectures, 
working  in  the  chemical  laboratory,  and  studying  at  home.  At 
10  p.M„  the  stroke  of  a  piano  by  Hirst  gave  notice  that  the  work  of 
the  day  was  ended.  We  had  music  and  light  reading  afterwards,  the 
latter  including  the  '  Essays  of  Montaigne,'  which  proved  to  us  a 
source  of  strength  as  well  as  of  delight.  At  11  p.m.  we  went  to  bed. 
I  was  earliest  up,  for,  soon  observing  that  hard  study  was  telling 
upon  the  younger  and  less  vigorous  constitution,  I  persuaded  him  to 
give  more  time  to  repose. 

After  I  had  quitted  Marburg,  leaving  Hirst  behind  me,  Dr. 
Simpson,  a  medical  man  with  a  passion  for  chemistry,  afterwards 
Professor  of  Ghemistry  at  Queen's  GoUege,  Gork,  came  to  the  Uni- 
versity to  pursue  his  studies  in  Bunsen's  laboratory.  He  brought 
with  him  his  wife  and  family  and  a  sister  of  his  wife.  They  were 
both  sisters  of  John  Martin,  the  pure-minded  Young  Irelander.  Ac- 
quaintance ripened  into  friendship  between  the  young  people,  friend- 
ship into  love,  and,  after  Hirst  had  taken  my  place  at  Queenwood 
Gollege  in  1853,  he  married  Miss  Anna  Martin.  A  few  years  of  un- 
alloyed happiness  were  wound  up  by  an  attack  of  tuberculosis,  which 
ended  in  her  death  in  1857.  He  had  taken  her  to  Biarritz,  thence  to 
Pan,  whence  he  had  returned  to  Paris,  where  she  died.  I  was  on  my 
way  to  Switzerland  when  intelligence  of  the  calamity  reached  me. 
Ignorant  of  their  address  in  Paris,  I  sought  him  in  his  old  qnarters. 
Failing  to  find  him  there,  and  guided  by  a  vague  indication,  I  sought 
him  in  the  Rue  MarboBuf.  Here,  though  baulked  at  first,  I  dis- 
covered where  he  lodged.  On  turning,  afterwards,  the  corner  of  a 
street,  I  met  him  face  to  face,  looking  as  white  as  marble.  He  was 
returning  from  ordering  his  wife's  coffin. 

I  stood  beside  him  in  the  cemetery  of  Pere  la  Ghaise  when  she  was 
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lowered  into  the  grave,  and  afterwards  carried  him  with  me  to  the 
Alps.  Prior  to  joining  me  at  Chamonnix,  he  had  three  days  of  lonelj 
wandering ;  communing  with  himself  under  his  changed  conditions. 
We  made  the  little  auberge  at  the  Montanvert,  which  was  then  a  very 
small  affair,  oor  permanent  residence.  For  six  weeks  his  life  was 
filled  with  healthy  exercise,  under  conditions  where  constant  atten- 
tion was  necessaiy  to  his  personal  safety.  Nothing  could  have  been 
better  calculated  to  divert  his  mind  fi*om  the  grief  which  weighed 
upon  it.  A  few  days  after  our  arrival,  we  were  joined  by  Professor 
Huxley.  As  we  assembled  night  after  night  round  our  pine- wood  fire, 
life  became  to  all  of  us  more  and  more  a  thing  to  be  enjoyed.  We 
returned  from  the  Alps,  Hirst  halting  in  Paris,  where  for  some  time 
he  took  up  his  abode.  Here  he  made  the  acquaintance  and  secured 
the  friendship  of  the  foremost  mathematicians.  He  went  afterwards 
to  Italy ;  and  was  at  the  village  of  Solferino,  helping  the  wounded, 
on  the  day  after  the  battle.  In  Italy  he  met  Professor  Cremona, 
who  remained  his  friend  in  a  very  special  sense  to  the  end  of 
his  life.  On  his  return  to  London,  Hirst  became  mathematical 
master  in  University  College  School,  then  Professor  of  Applied 
Mathematics  in  University  College.  For  the  sake  of  his  health,  he 
afterwards  accepted  the  Assistant  Registrarship  of  the  University. 
His  final  appointment  was  to  the  Post  of  Director  of  Studies  in  the 
Royal  Naval  College,  Greenwich,  under  the  presidency  of  Admiral 
Sir  Cooper  Key,  who  was  succeeded  by  Admiral  Fanshawe ;  Mr. 
Ooschen  was  at  the  time  of  his  appointment  First  Lord  of  the 
Admiralty.  Hirst  never  forgot  the  Minister's  high-minded  sympathy 
with  his  mathematical  studies,  or  his  willingness  so  to  arrange 
matters  as  to  reconcile  the  prosecution  of  those  studies  with  his 
duties  as  Director. 

During  his  later  years,  the  state  of  Hirst's  health  frequently  caused 
his  friends  the  gravest  anxiety.  He  relinquished  in  s accession  the 
posts  he  had  occupied,  retiring  finally  from  Greenwich  with  a  Govern- 
ment pension.  During  the  present  calamitous  year,  he  was  smitten 
with  infiuenza,  to  which  he  finally  succumbed. 

I  have  already  given  an  example  of  Hirst's  kindness  of  heart. 
To  this  it  may  be  added  that,  apart  from  his  scientific  labours,  his 
life  throughout  was  one  of  wise  beneficence. 

J.  T. 

Edward  Killwick  Calvee,  bom  1813,  entered  the  Royal  Navy  in 
1828,  in  the  navigating  branch,  on  board  H.M.S.  "  Crocodile." 
After  a  further  term  of  foreign  service  in  the  "  Satellite,"  he  in  18i^t> 
commenced  his  long  period  of  service  as  a  marine  surveyor  on  the 
Home  Station.  For  thirty-six  years,  with  scarcely  a  break,  he  served 
in  this  capacity  mainly  on  the  south  and  east  coasts  of  Great  Britain. 


XIX 


From  1847  to  1871  he  was  in  charge  of  this  snryey*  and  prodaoed 
charts  of  nearly  the  whole  of  the  eastern  coasts. 

Captain  Calver's  constant  employment  in  the  rivers  and  estnaries 
of  the  east  coast  gave  him  great  experience  in  the  action  of  tides, 
waves,  and  running  water ;  and  he  paid  mnch  attention  to  studying 
the  principles  which  should  underlie  works  for  the  conservation  of 
depth  and  improvements  of  tidal  harbours  and  entrances.  His  views 
on  this  subject  were  remarkably  sound.  They  were  set  forth  in 
various  pamphlets,  the  principal  work  being  entitled,  "  On  the  Con- 
servation and  Improvement  of  Tidal  Rivers,"  published  in  1853.  In 
this  he  anticipated  many  of  the  principles  which  have  now  for  long 
been  accepted  in  carrying  out  artificial  works ;  and  his  predictions  as 
to  the  results  of  various  artificial  works  have  nearly  all  been  verified. 
He  made  several  valuable  reports  to  the  Admiralty  on  the  subject  of 
harbours  of  refuge. 

Captain  Calver  retired  in  1871,  and  died  at  Yevej,  in  Switzerland, 
where  he  had  of  late  resided,  on  28th  October,  1892. 

Captain  Calver  became  an  Associate  of  the  Institution  of  Civil 
Engineers  in  1866,  and  was  elected  a  Fellow  of  the  Boyal  Society  in 
1873. 

W.  J.  L.  W. 


INDEX  TO  VOL.  LII. 


ADAMS  (W.  0.)  elected  an  auditor, 
267. 

Address  of  the  President,  800. 

Air-bladder  and  Weberian  ossicles  in  the 
Siluroid  fishes,  the  (Bridge  and  Had- 
don),  139. 

Air  leyden,  on  a  new  form  of,  with 
appucation  to  the  measurement  of 
small  electrostatic  capacities  (Kelvin), 
6. 

Alimentary  canal  of  Pontia  brassictB, 
on  the  (Griffiths),  165.     (TitU  only.) 

Allen  (E.  J.)  preliminary  account  of  the 
nephridia  and  body  cavity  of  the 
larva  of  Falmmonetes  variansy  338. 

Alloys,  on  certain  ternary.  Part  YI. 
Alloys  containing  aluminium,  to- 
gether with  lead  (or  bismuth)  and 
tin  (or  silver)  (Wright),  11. 

Part  VII.  Alloys  contain- 
ing zinc,  together  with  lead  (or 
bismuth)  and  cadmium  (or  anti- 
mony) (Wright),  530. 

Aluminium,  alloys  containing  (Wright), 
11. 

Anatomy  of  fishes,  contributions  to  the, 
II  (Bridge  and  Haddon),  139. 

Andrews  (T.)  electrochemical  effects  on 
magnetising  iron.    Part  lY,  114. 

Anniversary  meeting,  299. 

Antimony,  alloys  containing  (Wright), 
530. 

Armstrong  (Lord)  on  a  multiple  induc- 
tion machine  for  producing  high- 
tension  electricity,  and  on  some 
remarkable  results  obtained  with  it, 
70,  176. 

Armstrong  (Robert  Young)  elected,  1. 

admitted,  70. 

Asparagus  root,  the  reserve  proteid  of 
the  (Vines  and  Green),  130. 

Auditors  elected,  267. 

—  report  of,  299. 

Sacillus  anthracite  experiments  on  the 
action  of  light  on  (Ward),  393. 

Bacillus  discovered  in  rain-water,  on  a 
new  (Griffiths),  165.     {Title  only.) 

Bacteriological  examination  of  water,  on 
a  new  method  for  the,  and  on  a  new 
bacillus  discovered  in  rain-water 
(Griffiths),  166.    {TUle  only.) 


Bakerian  lecture  (Dixon),  461. 

Basset  (A.  B.)  stability  and  instability 

of  viscous  liquids,  278. 
Beddard  (Frank  Evers)  elected,  1. 

admitted,  267. 

Bidder  (G.)  on  the  flask-shaped  ecto- 
derm and  spongoblasts  in  one  of  the 

Keratosa,  134. 
Bismuth,  alloys  containing  (Wright), 

11,  530. 
further  researches  in   connexion 

with  the   metallurgy  of   (Biatthey), 

467. 
Blood,  on  the  leucocytes  of  peptone  and 

other  varieties  of  Uquid  extravascular 

(Wriffht),  564. 
Bottomley  (J.  T.)  thermal  radiation  in 

absolute  measure,  162. 
Bowman  (Sir  William)  obituary  notice 

of,  L 
Brennand  (W.)  on  the  three-bar  motion 

of  W^att  472. 
Bridge  (T.W.)   and  A.   C.  Haddon, 

contributions  to  the  anatomy  of  fishes. 

II.    The  air-bladder  and  Weberian 

ossicles  in  the  Siluroid  fishes,  139. 
Brown   (J.)   voltaic    cells   with    fused 

electrolytes,  75. 

Cadmium,  alloys  containing  (Wright), 
530. 

Calver  (Edward  Kiliwick)  obituary 
notice  of,  xviii. 

Cash  (J.  T.)  and  W.  R.  Dunstan,  the 
physiological  action  of  the  nitrites  of 
the  paraffin  series  considered  in  con- 
nexion with  their  chemical  constitu- 
tion. Part  II.  Action  of  the  nitrites 
on  muscular  tissue  and  discussion  of 
results,  91. 

Cathode  stream,  on  the  velocity  of 
Crookes'  (Kelvin),  331. 

Cirripedia,  on  the  early  development  of 
(Groom),  158. 

Clowes  (F.)  a  new  portable  miner's 
safety-lamp,  with  hydrogen  attach- 
ment for  delicate  gas-testing ;  with 
exact  measurements  of  flame-cap  in- 
dications furnished  by  this  and  other 
testing  lamps,  484. 

Coal-formation  of  Nova  Scotia,  supple- 
mentary report  on    explorations    o{ 


YOL.  LII. 


xxu 


INDEX. 


erect,  trees  containing  animal  remains 

in  the  (Dawson),  4. 
Compositions  of  numbers,   memoir  on 

the  theory  of  the  (MacMahon),  290. 
Ck)uncil,  nomination  of,  288. 
—  election  of,  816. 
Crookes'  cathode  stream,  on  the  velocity 

of  (KelTin),  381. 
Current    curves,    on    (Hippisley),   67, 

255. 

Darwin  (Q-.  H.)  on  an  apparatus  for 
facih'tating  the  reduction  of  tidal 
observations,  345. 

Darwin  (L.)  on  the  method  of  examina- 
tion of  photographic  lenses  at  the 
£ew  Observatory,  2,  403. 

Dawson  (Sir  J.  W.)  supplementary 
report  on  explorations  of  erect  trees 
containing  animal  remains  in  the  coal- 
formation  of  Nova  Scotia,  4. 

Dewar  (J.)  and  G-.  D.  Liveing,  note  on 
the  spectra  of  the  flames  of  some 
metallic  compounds,  117. 

Dielectrics,  on  the  theory  of  electro- 
dynamics as  affected  by  the  nature  of 
the  mechanical  stresses  in  excited 
(Larmor),  55. 

Dixey  (F.  A.)  preliminary  note  on  the 
relation  of  the  ungual  corium  to  the 
periosteum  of  the  ungual  phalanx, 
392. 

Dixon  (H.  B.)  the  rate  of  explosion  in 
gases. — Bakerian  lecture,  451. 

Donation  Fund,  grants  from  the,  825. 

Dun^r  (Nils  C.)  awarded  the  Rumford 
medal,  312. 

Dunstan  (W.  R.)  and  J.  T.  Cash,  the 
physiological  action  of  the  nitrites  of 
the  paraffin  series  considered  in  con- 
nexion with  their  chemical  constitu- 
tion. Part  II.  Action  of  the  nitrites 
on  muscular  tissue,  and  discussion  of 
results,  91. 

Earthmiake  shocks  which  occurred  in 
the  Britisli  Isles  and  France  during 
the  month  of  August,  1892,  observa- 
tions on  the  (Hull),  276.  {Title  only.) 

Ectoderm  and  spougoblasts  in  one  of 
the  Keratosa,  on  the  flask -shaped 
(Bidder),  134. 

Eel,  the  electromotive  properties  of  t.lie 
skin  of  the  common  (Reid),  391. 

Election  of  Council  and  Officers,  315. 

of  Fellows,  1. 

Electricity,  on  a  multiple  induction 
machine  for  producing  high-tension 
(Armstrong),  70,  176. 

Electro-chemical  effects  on  magnetising 

iron.    Part  IV  (Andrews),  114. 
Electrodpiamics,  on  the  theory  of,  as 


affected  by  the  nature  of  the  me- 
chanical  stresses  in  excited  dielectrics 
(Larmor),  65. 

Electrolytes,  voltaic  cells  with  fused 
(Brown),  76. 

Electromotive  properties  of  the  skin  of 
the  common  eel  (Beid),  891. 

Electrostatic  capacities,  measurement 
of  small  (Eelvm),  6. 

Elgin  sandstone,  on  some  new  reptiles 
&om  the  (Newton),  389. 

Ellis  (W.)  on  the  simultaneity  of  mag- 
netic variations  at  different  places  on 
occasions  of  magnetic  disturbance, 
and  on  the  relation  between  magnetic 
and  earth  current  phenomena,  191. 

Embryonic  heart,  on  the  physiology 
of  the.  Preliminary  communication 
(Pickering),  461. 

Explosion  in  gases,  the  rate  of. — ^Baker- 
ian lecture  (Dixon),  451. 

Explosives,  preliminary  note  on  the 
pressure  developed  by  some  new 
(Noble),  123. 

Fellows  admitted,  70,  267. 

deceased,  299. 

elected,  1,  800,  845. 

number  of,  325. 

Financial  statement,  316. 

Fishes,  contributions  to  the  anatomy  of. 

II.    The   air-bladder  and  Weberian 

ossicles  in  the  SUuroid  fishes  (Bridge 

and  Haddon),  139. 
Flames,    on    certain     appearances     of 

beams  of  light  seen  as  if  emanating 

from  candle  or  lamp  (Thomson),  70. 
of     some     metallic    compounds, 

note  on  the  spectra  of  the  (Liyeing 

and  Dewar),  117. 
Fleming  (John  Ambrose)  elected,  1. 

admitted,  70. 

Foster  (Clement  Le  Neve)  elected,  1. 

admitted,  267. 

Fowler  (G-.  H.)  note  on  the  structure  of 

Rhabdopteura^  132. 
Frog,  on  the  characters  and  behaviour 

of  the   wandering  (migrating)   cells 

of    the,    especially    in    relation    to 

micro-organisms,  267. 

Gadow  (Hans)  elected,  1. 

admitted,  267. 

Qtw- testing,  a  new  portable  miner's 
safety-lamp,  with  hydrogen  attach- 
ment for  delicate  (Clowes),  484. 

Gases,  the  rate  of  explosion  in. — 
Bakerian  lecture  (Dixon),  451. 

Gifien  (Robert)  elected,  1. 

admitted,  70. 

Gk)tch  (Francis)  elected,  1. 

admitted,  267. 


IXDEX. 


XXIU 


Green  (J.  B.)  and  S.  H.  Vines,  the  re- 
serve proteid  of  the  asparagus  root, 
130. 

Griffiths  (A.  B.)  on  a  new  method  for 
the  bacteriological  examination  of 
water,  and  on  a  new  bacillus  dis- 
covered in  rain-water,  166.  {Title 
onlif.) 

on  the  alimentary  canal  of  Poniia 

breu*ic€B,  16$,    (T^Ule  only.) 

Groom  (T.  T.)  on  the  early  develop- 
ment of  Oirripedia,  168. 

Haddon  (A.  C.)  and  T.  W.  Bridge, 
contributions  to  the  anatomy  of 
fishes.  II.  The  air-bladder  and 
Weberian  ossicles  in  the  SHuroid 
fishes,  139. 

Hardy  (W.  B.)  and  A.  A.  Kanthack, 
on  the  characters  and  behaviour  of 
the  wandering  (migrating)  cells  of 
the  frog,  especially  in  relation  to 
micro-organisms,  267. 

Hassall  (A.  H.)  on  the  colour  of  the 
leaves  of  phmts  and  their  autumnal 
changes,  276.     {Title  only, ) 

Heart,  on  the  physiology  of  the  embry- 
onic. PreUminary  communication 
(Pickering),  461. 

Heaviside  (O.)  on  operators  in  physical 
mathematics.     Part  I,  604. 

Herdman  (William  Abbott)  elected,  1. 

admitted,  70. 

Hill  (A.)  the  cerebrum  of  Omitho- 
rhynchue  paradoxus  y  163. 

the  hippocampus,  5. 

Hippisley  (R.  L.)  on  current  curves,  67, 
256. 

Hippocampus,  tlie  (Hill),  5. 

Hirst  (Thomas  Archer)  obituary  notice 
of,  xii. 

Hooker  (Sir  Joseph  Dalton)  awarded 
the  Darwin  medal,  314. 

Hopkins  (F.  G.)  on  the  estimation  of 
uric  acid  in  urine  :  a  new  process  by 
means  of  saturation  with  ammonium 
chloride,  93. 

Hulke  (J.  W.)  on  the  shoulder  girdle 
in  Iclithyosauria  and  Sauropterygia, 
233. 

Hull  (E.)  observations  on  the  earth- 
quake shocks  which  occurred  in  the 
liritish  Isles  and  France  during  the 
month  of  August,  1892,  27G.  {Tifh 
onli/.) 

Hutton  (Frederick  Wollaston)  elect<»d, 
1. 

Ichthyosauria  and  Sauropterygia,  on  the 

shoulder  girdle  in  (Hulke),  233. 
Induction  machine  for  producing  high- 


tension  electricity,  on  a  multiple 
(Armstrong),  70,  176. 

Ionic  velocities  (Whetham),  283. 

Iron,  electrochemical  effects  on  mag- 
netising.    Part  IV  (Andrews),  114. 

magnetic    properties     of     pure 

(Lydall  and  PockUngton),  164,  228. 

Joly  (John)  elected,  1. 
admitted,  70. 

Kanthack  (A.  A.)  and  W.  B.  Hardy,  on 
the  characters  and  behaviour  of  the 
wandering  (migrating)  cells  of  the 
frog,  especially  in  relation  to  micro* 
organisms,  267. 

Kelvin  (Loid)  on  a  new  form  of  air 
leyden,  with  application  to  the  mea- 
surement of  small  electrostatic  capa- 
cities, 6. 

on  the  velocity  of  Crookes*  cathode 

steam,  331. 

iSee Thomson  (J.). 

Kera,tosa,  on  the  flask-shaped  ectoderm 

and     spongoblasts    in    one    of    the 

(Bidder),  134. 
Eew  Observatory,  on  the  method   of 

examination  of  photographic  lenses  at 

the  (Darwin),  2,  403. 
Knee-jerk,  and  the  correlation  of  action 

of  antagonistic  muscles,  note  on  the 

(Sherrington),  666. 

Langley  (John  Newport)  awarded  a 
Royal  medal,  313. 

preliminary  account  of  the  ar- 
rangement of  the  sympathetic  nervous 
system,  based  chiefly  on  observations 
upon  pilo-motor  nerves,  547. 

Larmor  (Joseph)  elected,  1. 

admitted,  70. 

on  tlie  theory  of  electrodynamics, 

as  affected  by  tlie  nature  of  the 
mechanical  stresses  in  excitvd  di- 
electric!*, 56. 

Lead,  aliovs  containing  (Wriglit),  11, 
530. 

Leaves  of  plants  and  their  autumnal 
changes,  on  the  colour  of  the 
(Hassall),  276.     (  Titl4!  only.) 

Lenses  at  the  Kew  Observatory,  on  the 
method  of  examination  of  photo- 
graphic (Darwin),  2,  403. 

Leucocytes  of  peptone  and  other  varie- 
ties of  liquia  cxtravascular  blood,  on 
the  (Wright),  564. 

Light,  experiments  on  the  action  of,  on 
BacillM  anthracie  (Ward ),  393. 

on  certain  appearances  of  beams 

of,  seen  as  if  emanating  from  candle 
or  lamp  flames  (Thom«oi\'),10. 


XXIV 


INDEX. 


Liquids,    stability    and    instability    of 

viscous  (Basset),  278. 
Liyeing  (G.  D.)  and  J.  Dewar,  note  on 

the  spectra  of  the  flames  of    some 

metaUio  compounds,  117. 
Lockyer  (J.  N.)  on  the  photographic 

spectra  of  some  of  the  brighter  stars, 

326. 
Lydall  (F.)  and  A.  W.  S.  Pocklington, 

magnetic  properties  of  pure  iron,  164, 

228. 

MacMahon  (P.  A.)  memoir  on  the 
theory  of  the  compositions  of  num- 
bers, 290. 

Magnetic  and  earth  current  pheno- 
mena, on  the  relation  between  (Ellis), 
191. 

■  properties  of  pure  iron  (Lydall  and 
Pocklington),  164,  228. 

• variations  at  different  places   on 

occasions  of  magnetic  disturbance, 
on  the  simultaneity  of,  and  on  the 
relation  between  magnetic  and  earth 
current  phenomena  (Ellis),  191.  * 

Magnetising  iron,  electrochemical  ef- 
fects on.     Part  IV  (Andrews),  114. 

Marcet  (W.)  contribution  to  the  history 
of  the  interchange  of  pulmonary  gases 
in  the  respiration  of  man,  164,  213. 

Matthey  (£.)  further  researches  in  con- 
nexion with  the  metallurgy  of  bis- 
muth, 467. 

Medals,  presentation  of  the,  310. 

Metallic  compounds,  note  on  the  spectra 
of  the  flames  of  some  (Liveing  and 
Dewar),  117. 

Metallurgy  of  bismuth,  further  re- 
searches in  connexion  with  the 
(Matthey),  467. 

Meteoric  stone  found  at  Makariwa,  near 
Invercargill,  New  Zealand,  on  a 
(Ulrich),  504. 

Miall  (Louis  C.)  elected,  1. 
■  admitted,  70. 

Micro-organisms,  on  the  characters  and 
behaviour  of  the  wandering  (migrat- 
ing) cells  of  the  frog,  especially  in 
relation  to  (Kantliack   and   Hardy), 

267. 
Morley  (John)  elected,  346. 
Muscles,  note  on  the  knee-jerk  and  the 

correlation  of  action  of  antagonistic 

(Sherrington),  556. 
Muscular  tissue,  action  of  the  nitrites 

of  the  paraffin  series  on    (Cash  and 

Dunstan),  01. 

Nerves,  observations    upon    pilo-mot-or 

(Langley),  547. 
periplieral    distribution    oi    i\w 


fibres  of  the  posterior  roots  of  some 
spinal  ^Sherrington),  333. 

Newton  (E.  T.)  on  some  new  reptiles 
from  the  Elgin  sandstone,  389. 

Nitrites  of  the  paraflin  series,  physiolo- 
gical action  of  the,  considered  in 
connexion  with  their  chemical  consti- 
tution. Part  II.  Action  of  the 
nitrites  on  muscular  tissue  und  dis- 
cussion of  results  (Cash  and  Dun- 
stan), 91. 

Nitrous  acid,  the  conditions  of  the 
formation  and  decomposition  of 
(Teley),  27. 

Noble  (Capt.)  preliminary  note  on  the 
pressure  developed  by  some  new  ex- 
plosives, 123. 

Nova  Scotia,  supplementary  report  on 
explorations  of  erect  trees  containing 
animal  remains  in  the  coal- formation 
of  (Dawson),  4. 

Numbers,  memoir  on  the  theory  of  the 
compositions  of  (MacMahon),  290. 

Obituary  notices  of  Fellows  deceased  : — 

Bowman,  Sir  William,  i. 

Calver,  Edward  Killwick,  xviii. 

Hirst,  Thomas  Archer,  xii. 

Schorlemmer,  Carl,  vii. 

Stainton,  Henry  Tibbats,  ix. 
Officers,  nomination  of,  283. 

election  of,  315. 

Operators  in  physical  mathematics,  on. 

Part  I  (Heaviside),  504. 
Omithorhynchua  paradoxus,  the  cere- 
brum of  (Hill),  163. 

Palamonetes  variant,  preliminary  ac- 
count of  the  nephridia  and  body 
cavity  of  the  krra  of  (Allen),  338. 

Parker  (T.  Jeffery)  admitted,  267. 

Peace  (J.  B.)  on  the  potential  difference 
required  to  produce  a  spark  between 
two  parallel  plates  in  air  at  different 
pressures,  99. 

Peach  (Benjamin  Neve)  elected,  1. 

Pedler  (Alexander)  elected,  1. 

Peptone  and  other  varieties  of  liquid 
extravascular  blood,  on  the  leucocytes 
of  (Wright),  564. 

Photographic  lenses  at  the  Kew  Obser- 
vatory, on  the  method  of  examination 
of  (Darwin),  2,  403. 

spectra  of  some   of   the  brighter 

stars,  on  the  (Lockyer),  326. 

Physiological  action  of  the  nitrites  of 
the  parailln  series  considered  in  con- 
nexion with  their  chemical  constitu- 
tion. Part  II.  Action  of  the  nitrites 
on  muscular  tissue  and  discussion  of 
T<^%\i\\.^  VJ^^^VvvkXvd  Dunstan),  91. 
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Pickering  (J.  W.)  on  the  physiology  of 
the  embryonic  heart  (preliminary 
communication),  461. 

Pilo-motor  nerres,  preliminary  account 
of  the  arrangement  of  the  Bympa> 
thetic  nerrous  system,  based  chiefly 
on  obserrations  apon  (Langley),  547. 

Pocklington  (A.  W.  S.)  and  F.  Lydall, 
magnetic  properties  of  pure  iron, 
164,  228. 

Fontia  brassiceBy  on  the  alimentary 
canal  of  (ariffiths),  165.  {TUU  only') 

Potential  difference  required  to  produce 
a  spark  between  two  parallel  plates  in 
air  at  different  pressures,  on  the 
(Peace),  99. 

Presents,  lists  of,  67,  165,  276,  294,  843, 
400,  453,  474,  543,  569. 

President,  address  of  the,  800. 

Pritchard  (Charles)  awarded  a  Boyal 
medal,  812. 

Proteid  of  tbe  asparagus  root,  the  re- 
serve (Q-reen  and  Vines),  180, 

Radiation  (thermal)  in  absolute  mea- 
sure (Bottomley),  162. 

Raoult  (Fran9ois  Marie)  awarded  the 
Davy  medal,  314. 

Reid  (E.  W.)  the  electromotive  pro- 
perties of  the  skin  of  the  common 
eel,  391. 

Reptiles  from  the  Elgin  sandstone,  on 
some  new  (Newton),  389. 

Respiration  of  man,  contribution  to  the 
history  of  the  interchange  of  pul- 
monary gases  in  the  (Marcet),  164, 
213. 

JthabdopleurOf  note  on  tbe  structure  of 
(Fowler),  132. 

Riicker  (A.  W.)  elected  an  auditor, 
267. 

Safety-lamp,  a  new  portable  miner's, 
with  hydrogen  attachment  for  delicate 
gas-testing  (Clowes),  484. 

Sauropteiygia  and  Ichthyosauria,  on 
the  shoulder  girdle  m  (Uulke),  283. 

Schorlemmer  (Carl)  obituary  notice  of, 
yii. 

Sherrington  (C.  S.)  experiments  in  ex- 
amination of  the  peripheral  distribu- 
tion of  the  fibres  of  tlie  posterior 
roots  of  some  spinal  nerves,  333. 

—  note  on  the  Knee-jerk  and  the  cor- 
relation of  action  of  antagonistic 
muscles,  556. 

Siluroid  fishes,  the  air-bladder  and 
Weberian  ossicles  in  the  (Bridge  and 
Haddon),  189. 

Silver,  alloys  containing  (Wright),  11. 

Spark  between  two  pandlel  plates  in  air 
at  different  pressures,  on  the  poten- 


tial difference  required  to  produce  a 
(Peace),  99. 

Spectra  of  some  of  the  brighter  stars, 
on  the  photographic  (Lockyer),  326. 

of  the  flames  of    some  metallic 

compounds,  note  on  the  (Liveing  and 
Dewar),  117. 

Stainton  (Heniy  Tibbats)  obituary 
notice  of,  ix. 

Stars,  on  the  photographic  spectra  of 
some  of  the  brighter  (jjockyer),  326. 

Sympathetic  nervous  system,  prelimin- 
ary account  of  the  arrangement  of 
the,  based  chiefly  on  observations 
upon  pilo-motor  nerves  (Langley), 
547. 

Ternary  alloys,  on  certain.  Part  VI. 
Alloys  containing  aluminium,  together 
with  lead  (or  bismuth)  and  tin  (or 
sUver)  (Wright),  11. 

Part  VII.    Alloys  containing 

zinc,  together  with  lead  (or  bismuth) 
and  cadmium  (or  antimony)  (Wright), 
530. 

Thermal  radiation  in  absolute  measure 
(Bottomley),  162. 

Thomson  (J.)  on  certain  appearances 
of  beams  of  light,  seen  as  if  emanat- 
ing from  candle  or  lamp  flames.  With 
an  introductory  notice  by  Lord  Kelvin, 
70. 

Three-bar  motion  of  Watt,  on  the 
(Brennand),  472. 

Tidal  observations,  on  an  apparatus  for 
facilitating  the  reduction  of  (Darwin), 
345. 

Tin,  alloys  containing  (Wright),  11. 

Trees  containing  animal  remains  in  the 
coal-formation  of  Nova  Scotia,  sup- 
plementary report  on  explorutions  of 
erect  (Dawson),  4. 

Trust  funds,  317. 

Ulrich  (Q-.  H.  F.)  on  a  meteoric  stone 

found   at  Makariwa,  near   Invercar- 

gill,  New  Zealand,  504. 
Ungual  corium,  relation   to  the   pi»ri- 

osteum  of  the  ungual  phalanx  (Dixey), 

392. 
Uric  acid  in  urine,  on  the  estimation  of, 

a  new  process  by  means  of  saturation 

with  ammonium  chloride  (Hopkins), 

98. 

Veley  (V.  H.)  the  conditions  of  tlie 
formation  and  decomposition  of 
nitrous  acid,  27. 

Vice-Presidents,  appointment  of,  326. 

Vines  (S.  H.)  ana  J.  R.  G-reen,  the  re- 
serve proteid  of  the  asparagus  root, 
130. 
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Yirohow  (Budolf)  swarded  the  Coplej 

medal,  811. 
YisoouB  Uquida,  stability  and  instability 

of  (Basset),  278. 
Toltaic   cells  with    fused    electrolytes 

(Brown),  75. 

Waller  (Augustus  D.)  elected,  1. 

^—  admitted,  70. 

Ward  (H.  M.)  experiments  on  the 
action  of  light  on  Bacillus  antkracit, 
898. 

Water,  on  a  new  method  for  the  bac- 
teriological examination  of,  and  on  a 
new  bacillus  discovered  in  rain*water 
(ariffiths) ,  165.     (Title  onUf.) 

Weberian  ossicles  and  air-bladder  in  the 
Siluroid  fishes,  the  (Bridge  and  Had- 
don),  139. 


Whetham  (W.  C.  D.)  ionic  Telooities, 
288. 

Williamson  (W.  C.)  elected  an  auditor, 
267. 

Wright  (A.  E.)  on  the  leucoortes  of 
peptone  and  other  rarieties  ol  liquid 
extraTasoular  blood,  664. 

Wright  (C.  B.  A.)  on  certain  ternary 
aUoys.  FartYI.  Alloys  containing 
aluminium,  together  with  lead  (or 
bismuth)  and  tin  (or  silyer),  11. 

Part  VII.  Alloys  con- 
taining zinc,  together  with  lead  (or 
bismuui)  and  cadmium  (or  antimony), 
580. 


Zinc,  alloys  containing  (Wright),  580. 
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